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A B S T R ACT 
The p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  w h e t h e r  any 
s ig n i f i ca n t  d i f f e r e n c e  in p e r forman c e  ex i s t s  b e t w e e n  a 
maximal e x e r c i s e  t e s t  on a Monark 868 b i c y c l e  ergom e t e r  and a 
Rac ermate I I  w i nd l oad s im u l a t o r . P e r f o rman c e  was measured 
a c c o rd ing t o  t h r e e  parame t e r s: maximuID oxygen c on s ump t i on ,  
max imum h ea r t  ra t e  and t e s t  d u ra t i o n . 
N i n e  t r a i n e d  s ub j e c t s ,  f i v e  m e n  and f ou r  w o m e n  par t i c i -
pated i n  t h e  s t ud y .  A l l  s ub j e c t s  had r e c e n t l y  b e e n  i nvolved 
in b i c y c l i ng f o r  t r a i n i ng p u r p o s e s .  
T e s t i ng c on s i s t ed o f  t w o  t r ials f o r  each s ub j e c t ,  o n e  
t r ia l  o n  t h e  b i c y c l e  e r g ome t e r  u s ing a s tandard p r o t o c o l  and 
one t r ia l  on t h e  wind l oad s imu l a t o r  u s ing a p r o t o c o l  s im i lar 
to t h e  b i c y c l e  ergom e t e r  p r o t o c o l  b u t  w i t h  r pm val u e s  b e t w e e n  
80-90. 
The mean maximum oxygen c on s ump t i on value f o r  t h e  ma l e s  
was 5 7.17 ml /kg/ m i n  o n  t h e  b i c y c l e  ergome t e r  and 5 6.48 o n  t h e  
w ind l oad s im u l a t o r . F o r  t h e  f ema l e s , mean maximum oxygen 
c on s ump t i on was 55.93 m l / kg / min on t h e  bicyc l e  ergome t e r  and 
5 5 .78 on t h e  w i nd load s imulat o r . Mean maximum h ear t ra t e  
f o r  t h e  mal e s was 193 bpm o n  t h e  b i c y c l e  ergome t e r  and 192 on 
t h e  w i nd l oad s im u l a t o r . F o r  t h e  f ema l e s , mean maximum h ea r t  
r a t e  was 185 bpm o n  t h e  b i c y c l e  e rgome t e r  and 186 o n  t h e  w i nd 
l oad s imulat o r . Mean t e s t  duration for t h e  ma l e s  was 16.95 
m i n u t e s  on t h e  b i c y c l e  ergom e t e r  a n d  1 4 . 80 on t h e  w i nd load 
s im u l a tor . For t h e  f em a l e s ,  m e a n  t e s t  dura t ion w a s  1 2 . 0 0  
m i n u t e s  o n  t h e  b i c y c l e  e rgom t e r  a n d  9.56 o n  t h e  w i nd load 
s imu l a tor . 
T h e  d a t a  w a s  a n a l y z e d  u s i ng a S t u d e n t  � - t e s t  a t  t h e  . 05 
l ev e l  o f  s ign i f i c a n c e . T h e  m e a n s  for t h e  m a x imum v a l u e s  for 
e a c h  p a r a m e t e r  w e r e  comp a r e d  m a l e s  t o  m a l e s  and f em a l e s  to 
f em a l e s .  
No s ign i f i c a n t  d i f f  e r n c e  w a s  found i n  p e r forman c e  for 
t h e  wale s .  For t h e  f em a l e s  t e s t  d u r a t ion w a s  s ign i f i c a n t l y  
longer d u r i ng t h e  b i c y c l e  ergom e t e r  t e s t ,  w h il e  t h e  o t h e r  two 
p a r a me t e r s  showed no d i f f e r e n c e .  
It w a s  con c l u d e d  t h a t ,  for l a boratory t e s t i n g ,  po s i ­
t io n a l  d i f f e r e n c e s  o c c u r i ng b e t w e e n  r i d ing on tbe b i c y c l e  
e rgom e t e r  a n d  t h e  w i nd load s im u l a tor h a d  l i t t l e  e f f e c t  on 
s hor t d u r a t ion m a x ima l p e rforma nc e .  T h e  d i f f e r en c e found i n  
t e s t  d u r a t ion for t h e  f ema l e s  i n d i c a t e d  t h a t  rpm may have a 
ma jor i n f l u e n c e  on wor k lo a d  t o l e r a n c e  a n d  t h e  a b i l i t y  to 
s u s t a i n m a x i m a l  p e r forma n c e  d u r i ng l a b o r a t o r y  t e s t ing . 
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CHAPTER 1 
Introduction 
The test for maximum oxygen consumption (max vo2) has 
been accepted as a valid and reliable measure of aerobic 
power (3 , 9 , 1 8 , 26 ,33,40 ) . It has been used as an indicator of 
aerobic fitness and a potential indicator of competitive 
ability for sports requiring high aerobic capacities. 
Competitive road cycling is a sport in which aerobic work 
capacity or power is important. The max vo2 value can be used 
by the cyclist and/or coach in assessing training methods and 
aerobic fitness particularily in relation to the development 
of competitive ability. 
Recent research has shown that aerobic fitness or power 
is sports specific (40,41 ) . For competitive cyclists, 
training on a bicycle is the most efficient method of 
improving aerobic power and testing on a bicycle is the most 
valid measure of aerobic power. A bicycle ergometer is the 
device most frequently used in bicycle testing. However, in 
cycling, body position and the equipment used can signifi­
cantly influence training effects and performance during 
competition. 
Three main factors influence the choice of equipment and 
position used by competitive cyclists. Properly fitted 
1 
2 
equipment and correct positioning allow effective use of the 
respiratory anatomy (10,13) and a reduction of exposed body 
surface to lessen wind resistance (35). In addition, by 
having well fitted equipment and proper position the spinal 
column, back muscles and shoulder girdle provide a more 
stable base for the actions of the leg muscles (12,13). 
Competitive cyclists go to great lengths and expense in 
choosing a bicycle to meet their specific needs for training 
and competition. 
When using laboratory reetbods to measure the aerobic 
power of a cyclist the test should replicate his specific 
sport as accurately as possible. Sports specific equipment 
is essential to simulate the mode. The position and fit of 
the equipment may be an important variable as well. A device 
that allows cyclists to use their own equipment and still 
provide valid workloads would be the simplest and most 
logical choice. A wind load simulator is such a device. 
Purpose 
The primary purpose of this study was to determine 
whether any significant difference in maximal performance 
exists between a test on a Monark 868 bicycle ergometer and a 
Racermate II wind load simulator. Performance was defined 
according to four parameters: maximum oxygen consumption ( max 
vo2), maximum heart rate, blood lactate response and test 
duration. 
3 
Hyp o t h e si s  
S ince a w i nd l oad simu l a t o r  a l l ow s  t h e  s u b j ec t s t o  u s e  
t h e i r  own equipment  i t  s hou l d  o p timiz e  cond i t i on s  f o r  max imum 
cyc l e  p e r f ormanc e . Ther e f o r e ,  a significa n t l y  hig h e r  max vo2 
and test duration should be ob ta ined w h en using a wind load 
simu la t o r .  
Importance of t h e  S tudy 
S e v e r a l  lab o ra t o ry rr.eth o d s  d e s i g n e d  t o  a s s e s s  t h e  max 
vo2 o f  cyc l i s t s  have b e e n  u s e d . R e s earch has ind ica t e d  that 
b icyc l e  ergome t r y  i s  m o r e  va l i d  t han t r ead m i l l  e r g ome t r y  f o r  
a s s e s sing t h e  a e r o b i c  p o w er o f  cyc l is t s  ( 1 8 , 3 7 , 41 ) . C yc l i n g  
o n  a t r eadmi l l  ha s a l s o  b e e n  u s ed f o r  t e s ting t h e  a e r o b i c  
power  o f  cycli s t s  ( 1 1 , 1 4 , 17 , 1 9 ) . 
I n f orma tion was lack i n g  r e la t i v e  t o  t h e  u s e  o f  a 
win d l oad sim u l a t o r  f o r  t e s t i n g  cyc li s t s .  T h i s  lack o f  data 
appeared t o  war rant a s t u d y  compar i ng t e s t  p e r f o rmance on a 
wind load simulator, using the c y c list ' s own equipment , 
v e r s u s  t e s t  p er f o rmance o n  a bicy c l e  e r g om e t e r . 
D e l im i t  i o n s  
The t e s t s  w e r e  admini s t e r e d  in t h e  Human P e r f o rmance 
Lab o ra t o r y  at E a s t e r n  I l l inois U n i v e r s i t y  on J u l y  6 and Ju l y  
1 3 ,  1984 . T h e  t e m p e ra t u r e  during t e s ting rang e d  f r om 22.S t o  
23.5 d e g r e e s  C e l s i u s . Barom e t ric p r e s su r e  wa s 742 mmHg on 
J u l y  6 a n d  746 on Jul y  13 . 
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T h e  v e h ic l e s  used f o r  t h e  t e s t s  were a Monark 8 6 8  b i y c l e  
e r g om e t er a n d  a Racerma t e  I I  w i nd l o a d  s imul a t o r . E ach 
s u b j ec t  u s e d  t h eir own b icycl e o n  t h e  w ind l oa d  s imu l a t o r .  
N in e  v o l un t e e r s ,  five m a l e s  a n d  f o ur f em a l e s , p ar tici­
pa t ed i n  t h e  s t ud y .  The s u b j ects w e r e  a e r o b ica l l y  f i t  
i n d ivid u a l s  w h o  were u s i n g  b icyc l i n g  a s  p a r t  o f  t h e i r  
t r a i n i n g  f o r  c omp e t i t i v e  a c t iv i t i e s . 
L im i t a t ion s 
1 .  The s ub j ec t  number  w a s  · s ma l l  ( f iv e  ma l e s , f o u r  
f em a l e s ) a nd co n s i s t e d  o f  v o l u n t e e r s .  
2 .  The s u b j e c t s  w e r e  n o t  sp ec i f ica l l y  b icyc l e  t r a i ned . 
3 .  T h e r e  w a s  a w i d e  a g e  r a n g e  i n  t h e  ma l e s ,  1 5  t o  41. 
4. I t  w a s  a s s um e d  t h a t t h e  w o rk l oa d s  c a l cu l a t e d  f o r  t h e  
Racerm a t e  I I  w i nd l o a d  s imul a t o r  w e r e  accu r a t e  approx ima t i o n s  
o f  t h e  w o r k l oads u s e d  o n  t h e  Monark b icyc l e  ergome t er . 
5. T h e  rpm f or t h e  b icyc l e  e rg om e t er p r o t o c o l  w a s  
d i f f e r en t  t h a n  t h e  r pm f or t h e  w i nd l oa d  simu l a t o r  p r o t oc o l .  
D e f i n i t i o n s  
T h e  f o l l owing t e r m s  hav e b e e n  d e f i n e d  a s  t h e y  w e r e  u s e d  
i n  t h e  s t u d y . 
Oxygen c o n s umpt i o n 
T h e  amount  o f  o x y g e n  u t i l i z ed b y  t h e  b o d y ,  me asured i n  
l i t e r s  o f  oxyg e n  per w i n u t e  o r  m i l l i t e r s  o f  oxygen p e r  
k i l ograms  o f  b o d y  w e i g h t  p e r  m i nu t e . 
R e v o l u t i o n s  per m i n u t e  ( rpm or cad ence) 
The number of revo l u t i on s  o f  o n e  b ic yc l e  crank arm or 
p e d a l  per m i nu t e ,  a l s o  ca l l ed p e d a l  ra t e .  
W i n d  l o ad s i m u l a t or 
5 
A d ev ic e  t h a t  con s i s t s  o f  two a ir i mp e l l er s  ( fa n s )  
a t t ached b y  a sh a f t  t o  a r o l l er t h a t  i s  s ecure d  t o  a s t a n d .  
A b icyc l e  i s  moun t e d  o n  t h e  s t an d  w i t h  t h e  r e a r  t ir e  pre s s ing 
on t h e  r o l l er .  A s  t h e  b icyc l e  i s  p e d a l e d  t h e  r o t a t i o n  o f  t h e  
r e a r  t i r e  r o t a t e s  t h e  a ir i m p e l l er s . T h e  r e s i s t a n c e  c aused 
by t h e  a ir imp e l l er s  s im u l a t e s  t h e  a i r a n d  ro l l i ng r e s i s t anc e 
encoun t er e d  d u r i ng r o a d  r i d i n g .  ( Append i x  A )  
S t e a dy s t a t e 
A p o i n t  d u r i n g  e x erc i s e  w h e n  t h e  p hy s i o l og i c a l  proce s s e s  
o f  t h e  b o d y  have  i n cr e a s e d  t o  ro e e t  t h e  d em a n d s  o f  t h e  b o d y  
a n d  h av e  p l a t e a u e d . W h e n  t h e  h e a r t  r a t e  frow m i n u t e  t o  
m in u t e  i s  w i t h in �5 b e a t s  per m i n u t e  a s t e ad y  s t a t e  h a s  b e e n  
a t t a i n e d . 
CHAPTER 2 
Review of the Related Literature 
Measurement of a bicyclist's aerobic power, maximum 
oxygen consumption (max vo2), can provide the cyclist and/or 
coach with valuable information. Oxygen consumption has 
been accepted as a valid measure of the fitness or capacity 
of the cardiorespiratory system (3 , 9 , 1 8 , 2 6 , 33 , 40 ) . It is a 
possible indicator of competi tive abili ty in sports requiring 
high aerobic capacity (ie. competitive distance running or 
road cycling). Periodic max vo2 measurements can assist in 
the establishment and evaluation of aerobic conditioning 
methods. 
While a direct measuremen t of oxygen consumption is the 
most accurate method of assessing max vo2 , var ious types of 
work and different protocols have been used to obtain this 
measurement. Other factors, including heart rate response, 
blood lactate levels, and perceived exertion, provide 
additional, useful information, The following chapter 
reviews the literature pertainiTig to ergoroetry, sports 
specificity, cycling position, cadence, protocol design, 
oxygen consumption criteria, blood lactate measurement and 
heart rate response to exercise. 
6 
Ergometry 
Ergometry involves the measurement of work capacity 
using an ergometer. a vehicle with known. controllable 
workloads. A treadmill ergometer or a bicycle ergometer are 
7 
the most commonly used ergometry devices. Oxygen consumption 
(V02) is a common indicator of the physiological work 
performed while a subject exercises on an ergometer. 
Research indicated that max vo2 values were higher with 
trained and untrained subjects on treadmill tests than on 
bicycle ergometer tests (6,15,20.21.29). It has been 
theorized that measureruent techniques (3),subject motivation 
(3). the amount of muscle mass used (41), and the blood flow 
distribution (32) may contribute to this difference. 
Sports Specificity 
For the trained cyclist, the above conclusion may not 
necessarily be the case. Other research has shown that, with 
trained cyclists, the max vo2 obtained on a bicycle ergometer 
is equal to or higher than the max vo2 obtained on a 
treadmill (18,37,41). 
In support of "sports specificity" in testing, 
Verstappen, et al. concluded that "congruence between the 
mode of ergometer exercise and the sporting activity improves 
the validity of test results" ( 4 1 ) .  Hagberg, et al.(18) felt 
their results showed that "adaptations induced by strenuous 
bicycle training enabled cyclists to attain the same max vo2 
on the cycle ergometer as on the treadmill." Research by 
Stromme, et al. (40) also indicated that max vo2 assessment 
should be made with a test identical to the subject's 
specific sport. From the research cited above it was 
concluded that tests conducted on bicyclists should simulate 
the activity as closely as possible. 
Cycling Position 
Factors other than the mode that need to be taken into 
account are positioning of the cyclist and the type and fit 
of cyclist's equipment. There was strong support in the 
8 
literature for the thesis that body position affects 
mechanisms of oxygen transport (4,7,10,12,13,22,23,35,39). 
Most of the reseach investigated supine versus upright 
cycling and treadmill ex erc i s e , and concluded that at maximal 
levels of work higher vo2 values were attained with upright 
cycling versus supine or recumbent cycling (4,7,10,12,22,23, 
39). 
Craig (10) investigated the effects of position on 
respiratory volumes while subjects were in a resting state. 
He found increases in expiratory reserve volume when the arms 
were supported with the body in a foward lean, and optimal 
results occured when the subject was on the hands and knees. 
He concluded that removing the weight of the shoulder girdle 
from the thorax by supporting the arms and suspending the 
thorax, as in a forward lean or on the hands and knees, 
allowed for a greater expansion of the thoracic cavity. 
There was only one investigation concerning the racing 
position used by competitive cyclists that was relevant to 
this study. Faria, et al. (13), using a bicycle ergometer, 
investigated the effects of a semi-upright position with the 
hands on the tops of the racing style handlebars versus a 
"deep-lean" or "drop'  position with the hands on the drop 
portion of the racing style handlebars. The results showed 
an increase of 16.7% in total work output, a 1.26 ml/kg/min 
(6. 9%) increase in max vo2, and a 10.48 l/min increase in VE 
when using the drop position. They theorized that the drop 
position allowed more ro uscle mass to be utilized and 
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increased ventilatory capabilities. In their conclusion they 
stated that the results of their study had implications for 
the use o f  bicycle ergometers when measuring physiological 
variables. 
Fagberg, et al. (17,18,19) and Faria, et al. (14) 
s uggested bicycling on a treadmill as a means of simulating 
road cycling conditions in the laboratory. However, in a 
study comparing treadmill cycling and bicycle ergometry, 
Hagberg (18) found no significant difference in the V02 
values obtained. 
Other methods involved subjects riding their own 
bicycles over a known distance using increases in speed to 
achieve progressive increases in workload (35,37). Ricci and 
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Leger (37) compared a velodrome test to bicycle ergometry. 
To determine max V02 values backward extrapolation from the 
o2 recovery c urve was used. Bicycle ergometry was found to 
give a significantly higher max vo2 value. They concluded 
that bicycle ergometry may not simulate actual riding 
conditions closely enough and may overestimate the vo2 ( 37 ) .  
A wind load sim ulator has also been suggested as a possible 
device for testing cyclists (16,30) . Firth ( 1 6 )  felt sports 
specific equipment was important in testing due to the 
specific training effects caused by its use. He stated that 
"equipment that does not replicate to a high degree 
the position that an individual racing would adopt 
on his own machine can shorten considerably the 
d uration of the total effective work output when 
subjects have to exercise for several hours". 
His study investigated the accuracy of the calibration of a 
wind load sim ulator (Racermate). Re concluded that the 
calibration c urve provided by the manufacturer was accurate 
and closely replicated the rolling and wind resistance 
encountered wher. bicycling on the road. 
Meyer and Fayran (32) developed a system for estimating 
cardiovascular fitness based on the Burke/Borysewicz 
ergometer test (unpublished) for use with a wind load 
si�ulator. To develop the system they converted kilopound 
meters/minute to horsepower to determine the appropriate gear 
ratios, based on the charts provided by the manu facturer o f  
the Racermate wind load simulator. 
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While position may have an influence on bicycle 
performance, the literature lacks conclusive evidence that 
there is any method more valid than typical bicycle ergometry 
for testing the aerobic capacity of bicyclists. 
Cadence 
Another factor that can influence a cyclist's 
performance and is important i� bicycle ergometry, is the 
cadence or pedal rate while cycling. While cadence has been 
well represented in the literature, the results found were 
conflicting. 
Several studies found slower cadences of SO to 60 rpm to 
be the optimal rate for bicycle ergometry (3,4,21). Ricci 
and Leger (37), using trained subjects, found that an rpm of 
60 on a bicycle ergometer resulted in a higher max vo2 than 
100 rpm on a racing bicycle in a velodrome test. In regard 
to predicted max vo2 values as estimated from the 
Astrand-Rhyming submaximal bicycle ergometer test, Jessup 
(24) found no differences between cadences ranging from SO to 
so. 
Other studies, involving both trained and untrained 
subjects, reported variations in optimal rpm with regard to 
varying workloads. Boning, et al. (8) reported that optimal 
rpm shifted from 40 rpm at 300 kpm/min to 70 rpm at 1200 
kpm/min. Seabury, et al. (38) reported similar findings, 
with 42 rpm at 2 SO kpm/min to 64 rpm at 2000 kpm/min being 
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the most efficien t. However, i t  was also reported tha t the 
dependence of vo2 and efficiency on the cadence decreased 
with increasing workloads, and a t  maximal levels there were 
no differences in efficiency from 50 to 120 rpm (5,8). Pugh 
(35), using trained cyclists with workloads of 870 kpm/min to 
1800 kpm/min, found no significan t dependence of efficiency 
on cadence; while Lollgen (27), using un trained subjec ts, 
found no dif ference from 40 to 100 rpm at 100% of max vo2• 
Mc Cartney, e t  al. (28) tested both high intensity and 
submaximal cycling. Re concluded tha t for sctiv ity of 6 to 7 
seconds in duration, a cadence of 120 rpm resulted in maximal 
power outpu t, and for maintenance of submaximal power output 
the most efficient cadence was 60 rpm. O ther studies 
reported similar resul ts a t  submaximal levels, with a range 
of 60 to 80 rpm being the most efficient (8,27,34). 
The suppor t of higher efficiency with lower rpm is in 
contrast to empirical evidence from racing cyclis ts in which 
the preferred cadence usually ranges from 70 to 110 rpm. In 
support of higher rpm, Hagberg, e t  al. (17,18,19) have tested 
competitive cyclis ts using a bicycle ergometer and/or a 
racing bicycle ridden on a treadmill. In all three s tudies it 
was concluded that a t  80% to 100% of max vo2 a cadence of 90 
rpm was the most efficient, with the values ranging from 70 
to 105 rpm. Faria, et al. (14) used competitive cyclists 
riding a racing bicycle on a treadmill a t  a consta n t  power 
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ou tpu t with rpm of 65, 100 and 130. They c oncluded that a t  
l ower p ower o u tp u ts vo2 increased in a linear fashion with 
increasing rpm b u t  decreased with increasing pedal rate a t  
higher power o u tp u ts. Hagberg and Faria b o th agreed that rpm 
above the op timal cadence were less efficien t when c ompared 
t o  rpm below the optimal cadence. 
The main theses proposed by Hagberg and Faria, t o  
explain why higher rpm are m ore efficient, are specific t o  
competi tive road cycling and assumed high p ower ou tpu ts. The 
theses are summarized by the f oll owing: 
1. As pedal frequency increases, less absolute force is 
needed to overcome frictional r esi st a nc e (18,19). 
2 .  Assuming blood flow during muscle con traction is 
related t o  f orce and duration of the c on tracti on, then 
increasing rpm would cause a decrease in the f orce and the 
duration of con traction, resul ting in less occlusion of blood 
flow (18,19). 
3. Assuming fiber type differences, then rpm may be 
related t o  fiber type and recrui tment pat tern (14,18,19). 
The resul ts from the li terature indica ted that differen t 
op timal pedaling rates depended upon the sub jec t p opulation 
and me th od of tes ting. When using a bicycle ergometer wi th 
n on-cyclis ts or untrained sub jects, op timal cadence ranged 
from 50 t o  60 rpm. For compe ti tive cyclis ts, particularily 
on a racing bicycle, 80 to 100 rprr was the op timal cadence. 
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P r o t o c o l  D e s ign 
P r o t o c o l  d e s ign i n clud ed wo rkload i n c remen t s ,  s t a g e  
d ur a t i o n  and t e s t  d u r a t i o n .  WPen u s i n g  e r g ome t e r  t e s t s  f o r  
max V02 m e a s urement s ,  a p r o t o c ol mu s t  b e  u s e d  t h a t  w i ll b r i ng 
t h e  sub j e c t  t o  a maximal Jevel o f  w o r k . 
Work l o a d  Inc rement 
M o s t s tu d i e s  r e v i ew e d  u s e d  p r o t o c o l s  w i t h  p r o g r e s s i v e  
s t ep i n c remen t s ,  w i t h  i n c r em e n t s  r a n g i n g  f r om 60 k p m / m i n  t o  
300 kpm/ m i n  (1,3,7,10,12,15,21,33,35,37). One s t udy 
r e v i ewed , N i ema l a ,  e t  al . (33) c om p a r e d  r e s ul t s  from two 
p r o g r e s s iv e  p r o t oc o l s  and one c o n t inuous load p r o t o c o l .  
f ound n o  s ig n i f i c a n t  d i f f e r e n c e s  f o r  t h e  a v e r ag e  m a x i m a l  
valu e s  o f  V02, VE, r e s p i ra t o r y  quo t i en t  o r  h e a r t  r a t e . 
They 
They 
c on clud e d  t h a t  p r o g r e s s iv e  b i c y c l e  e x e r c i s e was  "c onvenien t'' 
f o r  p hy s i c al work c a p a c i ty t e s t s .  
R u c h f u h r e r , e t  a l .  (9) i nv e s t i g a t ed t h e  o p t ima l 
i n c r e�ent and du r a t i o n  f or eva lua t i ng c a r d i o pulm o n a r y  
fun c t i on w i t h  i n c r em e n t a l  e x e r c i s e  t e s t i ng . They c onc lud ed 
t h a t  tne o p t i ma l  du r a t i o n for a t e s t  w a s  a p p roxima t e l y  10 
m i n u t e s ± 2 minu t e s , w i t h  o p t imal i n c r eme n t s  o f  30 w a t t s  (180 
k p m / mi n) f o r  r e a s onably f i t  sub j e c t s . They sug g e s t e d  t h a t  
l a r g e  i n c remen t a l  i n c r e as e s  r e sult i n  l ow e r  max vo2 v a lu e s .  
Wh i p p , e t  al . (42) c o n c l u d e d  t h a t  l a r g e  i n c r em e n t al i n c r e a s e s  
would c a u s e  t h e  b i c ycle e r g ome t e r  t e s t  t o  b e  t e rm i n a t e d  b y  
m u s c u l a r , n o t  c a rd i ov a s c ul a r ,  l i m i t a t i ons . A s t r and , e t  al . 
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( 1 , 3 )  s u p p o rted t h e  u s e  o f  3 0 0  k p m / m i n  i n c r e m e n t s  f o r  m e n  and 
1 5 0 kpm/ m i n  i n c remen t s  for women i n  b i c y c l e  w o r k  te s t s .  
Stage D u ra t i on 
S tage  d u rat i o n  n e e d s  t o  be l ong e no u g h  f o r  a steady 
s ta t e  t o  be r eac h e d , y e t  s h o r t  e n o u g h  so as n o t  t o  p r o l ong 
t h e  t e s t  d u rat i o n .  Two s t u d i e s  r e v i ew e d  used stage d u rat i o n s  
o f  1 m i nute ( 1 8 , 3 3 ) . O th e r  s t u d i e s  used s tage  d u ra t i o n s  o f  2 
to 2 . 5  w i n u t es ( 1 2 , 1 3 ,14 ,25) . As trand (1), As t rand and 
R odahl  ( 3 ) , and Astrand and Sal t i n  ( 4 )  supp o r t ed & tage 
d u ra t i o n s  of 3 m i nute s .  
T e s t  Durat i o n  
F o r  total t e s t  d u ration Fau l k ne r ,  et a l .  ( 1 5 )  and 
B u c b f u h r e r ,  e t  a l .  ( 9 )  s u g g e s t e d an o p t i m a l  d u rat i o n  o f  
a p p r o x i ma t e l y  1 0  m i n ut e s . H ow ev e r , i n  t h e  study by 
B u c h fu h r e r , et a l .  ( 9 )  t h e  h i g h e st vo 2 val u e s  r e c o r d e d  
o c c u r r e d  i n  tes t s  ran g i n g  f r o m  8 to 17 m i n u t es i n  d u rat i o n ,  
The majo r i t y  o f  t h e  stud i e s  r e v i e w e d  u s e d ex hausti on a s  an 
e n d p o int and d i d  not i n c l ud e a '' tar g e t "  t e s t  d u ration ( 1 2 , 1 3 ,  
1 4 , 1 8 , 1 9 , 2 5 , 2 9 , 3 3 ) .  
The l ite rat u r e  r e v i e w e d  gav e var y i n g  i n f ormat i on 
c o n c e r n i n g  the optimal va l u e s  for �orkload increments . stage 
d u r at i o n , and test d u ra t i o n . Most s t u d ies had no p r e -
d e t e rm i ne d  t e s t  d u rat i o n .  S tage  inc r em ents var i ed from 6 0  
k p m/ m i n  t o  3 0 0  k p m/ m i n ,  and s ta g e  d u ra t i o n  rang ed f r om 1 t o  
3 m i nute s . Genera l l y ,  t e s t s  w ith s h o r t  stage d u rat i o n s  had 
sma l l er increment s ,  wh i l e  tho s e  w i t h  l a r g e r  stage d u rat i o n s  
had l a r g er i ncrement s .  
Oxyge n C o n sumpt i o n  
Oxygen c on s ump tion ( V0 2) i nd icat e s  t h e  rate o f  oxygen 
ut i l i zat i o n  by t h e  b o d y . It i s  a common meas u r e  of  the 
metab o l i c  work p e r f ormed by an o r gan i s m .  Max imum oxygen 
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consump t i on i s  t h e  maximum rate o f  oxygen uti l i z a t i o n  by the 
b od y .  
T h e r e  are  s e v e r a l  d i f f erent cr i t e r ia u s e d  in d e t er m i n ing 
tne max vo2 va l u e  d u r i n g a work test . The ma j or ity o f  the 
stud i e s  r e v i ewed u s e d a "peak over" or " p l ateau" o f  vo2 
v a l u e s  a s  cr i t e r ia f o r  d etermin ing max vo2 ( 1 3 , 15 , 2 6 , 2 9 , 33 ) .  
D av i e s  (11) d e f i n ed a p l ateau by using l i m i t s  o f  ± 5 %  for t h e  
l a st t h r e e  vo2 va l u e s . Far i a ,  e t  a l . (14) u s e d  the h i g h e s t 
vo2 val u e  atta i n e d  a s  t h e  max vo2 • N i ema l a ,  et a l . ( 3 3 )  
eval uated f o u r  c r it e r i a  u s e d f o r  determi n ing max V0 2: a 
p l ateau o f  V0 2 va l u e s  a s  d e f i n e d  by D av i e s  (11), s u bject i v e  
e x hau s t i o n , a r e s p i rato r y  q u ot i e nt over 1 . 15 ,  and an i n c r ea s e  
i n  heart rate t o  maximum e s t imat ed val u e s  ± 10 b ea t s .  They 
conc l u d e d  that , w ithout r e p eated mea s u r e s , a p l ateau in vo2 
was t h e  o n l y  val i d  c r i t e r i on f o r  d et er m i n i ng max vo2 , and 
that a c l ear d e f i n it i on of p l ateau was important e s p ec i a l l y  
w h e n  s ma l l  increments o f  w orkl oad are u s ed . 
Maximum oxygen c o n s ump t i o n  has a l s o  b e e n  found t o  vary 
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f r om t e s t  t o  t e s t  ( 1 5 , 2 6 , 3 1 ) .  T h e  v a r i abil i t y  h a s  b e e n  
a t t r ib u t ed t o  t e c hn i c a l  e r r o r  a n d  b i o l o g i c a l  v a r i ab i l i t y  
( 2 6 ) .  M i t c he l l , e t  a l .  ( 3 1 )  r e p o r t e d tha t c omb i n e d  s o u r c e s  o f  
v a r i a n c e  a v e r a g ed ±5 . 6% ,  w i t h  9 0 %  b e i ng a t t r ib u t e d  t o  
b i o l o g i c a l  v a r i a t i on . F aulkne r ,  e t  a l .  ( 1 5 )  f ound t h a t  max 
vo 2 d i d  not v a r y  m o r e  than ± 1 5 0  ml  f r o m  one t e s t  to a n o t h e r . 
A s t r a n d  and R o d a h l  ( 3 : 2 9 7 )  r e p o r t e d  a 3% d e v i a t i o n  i n  
r e p e a t ed t e s t s  o f  o x y g e n  c o n s ump t i o n  o n  t h e  s a m e  s u b j e c t .  
T h e  m o s t  v a l i d  c r i t e r i o n o f  max v o 2 w a s  a p l a t e a u  o r  
p e ak o v e r  o f  t h e  f i n a l  vo 2 v a l u e s .  R e p e a t e d  m e a s u r e s  o f  vo 2 
i nd i c a t e  t h a t m a x  v o 2 m a y  v a r y  3 %  t o  5 . 6 % .  
B l o o d  L a c t a t e  
D u r i n g  p r o l o n g e d , i n t en s e  ex e r c i s e l a c t a t e  i s  p r o d u c ed 
by t h e  a n a e r o b i c  e n e r g y  p r o c e s s e s  and i s  r e l e a s ed i n t o  t h e  
b l o o d  s t r e am . As t h e  oxyg en d e f i c i t  i n c r e a s e s  t h e r e  i s  a 
c o r r e s p ond i n g  i n c r e a s e  i n  m u s c l e  l a c t a t e  w h i c h  i n  t u r n  c a u s e s  
a n  i n c r e a s e  i n  b l o o d  l a c t a t e  c on c e n t r a t i on ( 3 : 3 0 5 -0 8 ) . 
T h e  t im e  p o s t - e x e r c i s e  f o r  t a king b l o o d  sam p l e s  v a r i ed .  
A s t r and, e t  a l .  ( 2 )  d r ew sam p l e s  1 t o  3 m i n u t e s  p o s t­
e x e r c i s e .  I n  t h e  "Tex t b ook o f  Work P h y s i o l ogy' , A s t r a n d  a n d  
R o d a h l  (3:30 8 - 0 9 ) ind i c a t e d  t h a t  b l o o d  s a mp l e s  s h o u l d  b e  
t aken 5 t o  1 0  m i n u t e s  p o s t-ex e r c i s e  t o  a l l ow t irre f o r  b l o o d  
l a c t a t e  l e v e l s  t o  p e ak . 
F o r  b l o o d  l a c t a t e  a n a l y s i s ,  t h e  u s e  of l a c t a t e  
d ehyd r o g e n a s e  a s  an i n d i c a t o r  o f  b l o o d  l a c t a t e  c o n c e n t r a tj o n s  
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w a s  s u ppo r t e d by S igma C h em i c a l  C om p a n y  ( Ap p e nd ix H). 
H e a r t  R a t e  
I t  i s  a w e l l  known f a c t  t h a t  w i t h  i nc re a s i n g  w o rk l o ad 
t h e r e  i s  a c o r r e s p o n d i ng i ncr e a s e  in h e a r t  r a t e . A ccord i n g  
t o  A s t r a n d  a n d  R o d a h l  ( 3 : 1 8 9 ) , 
" i n many t y p e s  o f  work , t h e  i n c r e a s e  i n  h e a r t  r a t e  
i s  l i near w i t h  t h e  i n c re a s e  i n  work l o ad . During 
r e p e a t e d  maxima l exerc i s e ,  the h e a r t  r a t e  i s  
remark a b l y  s im i l ar und er v a r i o u s  cond i t i o n s , wi t h  
a s t a n d a r d  d ev i a t i o n o f  ±3 b e a t s  p er m i n u t e . "  
Summa ry 
It w a s  c onc l u d ed from t h e  l i t era ture r e v i ew e d  t h a t  
a er o b i c  power i s  s p or t s  sp e c i fic and t h erefor e ,  b icyc l e  
t e s t i n g  i s  t h e  m o s t  v a l i d  m o d e  f o r  t e st i ng cyc l i sts. 
P o s i t i o n  may have a p o s s i b l e  a f f e c t  o n  b i c y cle p e r f ormance. , 
� h i c h  ind ica t e s  t h a t  sports specific equipment may o p t i m i z e  
t e s t  c o nd i t i o n s  f or t h e  c yc l i s t . The w i nd l o a d  s imu l a t o r  and 
b i c y c l ing on a t r e a d m i l l  w e r e  s u gg e s t ed a s  a m e a n s  b y  w h i c h  
the cycl i s t  c ou l d  u s e  t h e i r  own e q u i pm e n t . W h i l e  c y c l i ng on 
a trea d m i l l  h a s  b e e n  inv e s t ig a ted , no literature w a s  found 
concerning the a c t u a l  use o f  a w ind l o a d  s imul a t or d u r i n g  
t e s t i n g . 
O p t i m a l  c a d e n c e  f o r  b i c y c l e  t e s t i n g  v ar i e d , b u t  
g e n e r al l y , f o r  t h e  t r a i n e d  c y c l i s t  t h e  o p t ima l rpm r a n g e d  
b e t w e e n  7 0  t o  1 0 0  r p m .  
P r o t o c o l  d e s i g n s  v a r i e d  i n  r e s pect t o  i n c r e m e n t  s i z e and 
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s t a g e  dur a t i on .  S i n c e A s t rand's b i cyc l e  e r g ome t e r  w o rk t e s t  
i s  w e l l  d o c u me n t ed and w e l l  k n own , i t  w a s  u s e d  as t h e  b a s i s  
f o r  pro t o c o l  d es i g n . E x ha u s t i o n  wa s tbe m o s t  c ommon 
c r i t e r i on u s ed f o r  t e s t  t e r m i na t i o n .  
A p l a t eau o r  p e a k  o v er o f  vo2 v a l u e s  w a s  s t r o n g l y  
s u pported ir. tbe l i t e r a t u r e  a s  a v a l i d i nd i c a t o r  for 
d e t e rm i n ing max vo2. 
CHAPTER 3 
Met hodology 
The purpose of this s t udy was t o  determine whether any 
significant difference exis ted bet ween max vo2, maximum hear t 
rate, blood lac t a t e  response, and test duration achieved 
while riding on a bicycle ergome ter as compared t o  riding on 
a wind load simula tor. A description of the subjects, 
procedures, methods of t es t ing, measurements, and instrumen t s  
used is contained in this chapter. 
Subjects 
Nine volunt eers, five males and four females, parti-
cipated as subjec t s  in the study. The subjects were healthy, 
aerobically fit individuals who were using bicycling as part 
of t heir training for compe t i t ive activities. All the 
subject s  had previous experience as compet i tive a t hle t es. 
The males ranged in age from 15 to 41 years with a mean of 
27.2 years, while the age of the females ranged from 16 t o  25 
years with a mean of 22 years. Table 1 prese n t s  the physical 
characteris tics of the subjects. 
Subjects 1 ,  3, and 9 used bicycling as a primary mode of 
t raining. For the remaining 
secondary mode of training. 
six subjec t s  bicycling was a 
When test ing on the wind load 
simula tor, each subject rode t heir own bicycle. 
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Tab l e  1 
P h y s ical D ata 
S ub j ec t  AGE HT WT %BF 
M a l e s  1 28 71 . 5 72.6 4.0 
2 15 7 1  . 0 6 9. 3 5.3 
3 29 7 1. 5 66.9 7 . 7 
4 41 71 • 0 7 1  . 6 13 • 2 
l ll 72. 0  78.6 4.3 
x = 27.2 71.4 71. 8 6. 9 
SD = 9.5 . 4  4.4 3.8 
F em a l e s  6 17 70.0 62. 5  14.7 
7 22 65 . S  56.3 16 • 9 
8 23 66.5 52. 7  14. l 
1 25 63.6 lL1. 1 3  • 5 
x = 21 . 8 66.4 55.6 14.8 
SD = 3.4 2.7 5.1 1 • 5 
HT - he i g ht , i nc h e s  WT - w e ig h t ,  k i l o g r a m s  
%BF - p e r c en t  b ody f a t  
Pre - t e s t  C o n s i d e r a t i o n s  
I n f o rmed c on s e n t  (Append ix B ) w a s  o b t a i n e d  f r o m  t h e  
s u b j e cts a ft e r  c o mp l e t e  d e t a i l s  o f  t h e  e x p e r i me n t a l 
pro c e d u r e s  w e r e  g i v e n. T h e  s ub j e c t s  w ere f r e e  t o  w i t h d r a w  
f r o m  t e s t i n g  a t  a n y tim e . 
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T o  r e d u c e the  po s s i b l e  i n f l u e n c e s  o f  t r a i n ing or 
l e a r n i ng t h e  s ub j e c t s  w e r e  rand o m l y  a s s i g n e d  a s  t o  w h i c h  
d e v i c e  t h e y  w o u l d  r i d e  o n  t h e  f i r s t  t r i a l .  F i v e  s u b j e c t s , 
t h r e e  m a l e  and two f ema l e s  r o d e  t h e  w i nd l o a d s imu l a t or 
f i r st, w h i l e  the rema i n i n g  t w o  ma l e s  and t w o  f em a l e s  r o d e  the 
b i c y c l e  e r g o me t e r  f i r st .  
T h e  s u b j e cts were i n s t r u c t e d  n o t  t o  e n g a g e  i n  s tr e n u o u s  
e x e r c i s e  w i t h i n  t h e  24 h o u r  p e r i o d  pr i or t o  t e s t i ng i n  order 
t o  r e d u c e  t h e  i n f l u e n c e  o f  o t h er exer c i s e o n  t b e  t e s t s . F or 
s t an d a rd i z a t i on o f  d i e t ar y  f a c t o r s  t h e  s ubjects w e r e  t o  
r e p o r t  i n  a p o s t - a b s o r p t i v e  sta t e , h e n c e  t h e y  w e r e  in s t ructed 
n o t  to eat w i t h i n  the  12 h o u r  p er i od p r i or to t e s t i n g . 
The s ub j e c t s  w e r e  r e q u i r ed to r e p o r t  t o  t h e  l a b a t  l e a s t  
30 m inutes p r i o r  t o  t e s t i ng t o  a l l ow s u f f i c i e n t  p r e p a r a t i o n  
t ime . E a c h  s ub j e c t  h a d  t h e i r  h e i g h t , w e i g h t , a n d  p e r c e n t  
b o d y  f a t  m e a s u r e d . The b od y  f a t  a s s e s sm e n t s  w e r e  m a d e  u s i n g  
Skyndex c a l i p e r s  p r o g rammed w i t h  t h e  J a c k s on-Pollock 
equ a t i o n .  ECG e le c t ro d e s  w e r e  t h e n  p l a c ed o n  t h e  s ubje c t s  
p r i o r  t o  b i c y c l e  t es t i n g  ( Ap p end i x  C ) . 
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Testing 
T e s t s  w e r e  a d m i n i s t e r e d  i n  t h e  Human P e r f orma n c e  
L a b o r a t o r y  a t  Eas t e r n  I l l i no i s  U n i ver s i t y  o n  J u l y  6 a n d  J u l y  
1 3, 1 9 84. The l a b  w a s  a i r  c ond i t i oned w i t h  t empe r at u r e s  
r a n g i n g  f r o m  2 2 . S  t o  2 3 . 5  d e g r e e s  C e l s iu s . B a r o me t r i c  
p r e s s u r e  w a s  7 4 2  mmHg o n  J u l y  6 and 7 46 mmHg o n  J u l y  1 3 .  
F. a c h  sub j ec t  w a s  t e s t e d  a t  a p p r ox imate l y  t h e  s a m e  time o f  
d a y ,  r e s p e c t i v e l y , w i t h  t e s t s  adm i n i s t e r e d  betw e e n  2 pm and 
7 pm .  
Veh i c l e s  
The b i c y c l e  e r g ome t e r  u s e d  w a s  a Monark 86 8 .  S e a t  h e i g h t  
w a s  d et e r m i n e d  t o  b e  p r o p e r  when t he s u b j e c t ,  w h i l e  s e a t e d , 
h a d  a s l i g h t  bend a t  t h e  k n e e  ( ap p r ox im a t e l y  10 d eg r e e s )  w i t h  
t h e  b a l l  o f  t h e  f o ot o n  the p e d a l  w h i l e  t h e  p e d a l  w a s  i n  t h e  
s ix o' c l oc k  p o s it i on . T o e  c l i p s  a n d  s t r a p s  w e r e  t h e  only  
m od i f i c a t i o n s  m a d e  to  t h e  b i c yc l e  e r g ometer. 
The w i nd l o a d  s i m u l a t o r  u s e d  w a s  a R a c e rm a t e  I I  w i nd 
l oa d  s i mu l a t o r  w i t h  m on i t o r  (Appendix A). T h e  s ubje c t s  
r o d e  t h e i r  own b i c y c l e s ,  w i t h  t o e  c l ip s  a n d  s t r a p s ,  o n  t h e  
w i nd l o a d  s imul a t o r . The a i r  p r e s s u r e  i n  t h e  r e a r  t i r e  w a s  
m a i n t a i n e d  a t  9 0  p s i .  Chan g e s  i n  t h e  rear t i r e  and t h e  
f r e ew he e l  w e r e  t�e onl y  m o d if i c a t i o n s  made  t o  t h e  subje c t s '  
b i c y c l e s .  
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Pro t oc o l  D e s ign 
T h e  p ro t o c o l  design ( Ta b l e 1 ) w a s  ada p t ed from A s t r a nd' s 
b icyc l e  e r g ometer w o rk te s t s  ( 1 ) .  T h r e e  minu t e  s t a g e s  w e r e  
u s ed t o  a l l o w  a " st e ady s t a t e "  t o  be r e ached . Workloads w er e  
i nc r e a s ed i n  30 0 kil o p o u nd mete r / minute ( kpm/ m i n) i nc r e m e n t �  
from sta g e  I t h r o u g h  s t a g e  V. D u e  to the m a g n i tude o f  t h e  
w o rkloads , incre a s e s  w e r e  r educed t o  150 kpm/ m i n  inc r e m e nts 
from s t a g e  V t h r o u g h  sta g e  V I I I . The p r o t oco l s  w e r e  de signed 
to b r i ng the s u b j e c t  t o  a maximum l e v e l  o f  w o r k  as q u i c k l y  a s  
p o s sib l e  w i t h o u t  extreme inc r e ases in work l o a d .  
B icyc l e  e rgome t er. F or t h e  bicyc l e  e r g ome t e r  t e s t  
p r o t o c o l  ( Ap p e ndix D )  a s t a nd a rd cadence o f  50 rpm w a s  the  
s ele cted p ed a l  s p e e d .  A dia l o n  t h e  Mon a rk bicy c l e  ergome t e r  
c a lib r a t ed in rpm and k i l ome t e r s  p e r  h ou r ,  w a s  u s ed t o  
monit o r  the cadence during t e stin g .  Work l o ads w e r e  c a l c u ­
lated in kpm / m i n  by mul tipl ying t h e  f l ywheel circ umfer ence 
(6 m et e r s) , by t h e  r pm ,  and the kil o pound ( kp) r e s i s t ance . 
H e nce , a kp o f  2 w o u l d  calcu l a t e  t o  60 0 kpm/min ( 6  x 50 x 2). 
Howev e r , on the  Monark b i c ycl e e r g omete r ,  du e t o  ch a i n  
f r i c t i o n , the a c tu a l  w o r k l o a d  is 9 %  g r e a t er t h a n  t h e  w o r k l o a d  
ca l c u l a t ed w i t h  the form u l a  giv en (1). T h e  w o rk l o ad s  u s ed in 
the study inc l uded t h e  9% increase ( T a b l e  2 ) . 
Wind l oad simu l a t o r . E a c h  s t a g e  o f  t h e  wind load 
simula t or t es t  pro t o c o l  ( Ap p e nd i x  D )  wa s de signed to match 
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Tab l e  2 
B a s i c  W o r k l o a d  Pro t o c o l  
S ta g e  minutes KP KPM/min Ac t u al KPM/ m i n  
I 0 - 3  2 . 0  600 654 
II 3 - 6  3 . 0  900 9 8 1  
III 6 - 9  4 . 0  1 2 00 1 3 0 8  
JV 9 - 1 2  5 . 0  1 5 0 0  1 6 35 
v 1 2 - 1 5  5 . 5 1 6 50 1 7  9 8  
VI 15-18 6 . 0  1 800 1 9 6 2  
VII 1 8- 2 1  6 . 5 1 950 2 1 2 6 
V I I I  2 1 -2 4  7 . 0 2 1 0 0  2 2 8 9  
A c t u a l  K P M / m i n  include s  the 9% i n c r e a s e  i n  wo rkload d u e  t o  
c h a i n  f r i ction t h a t o c cu r s w i t h t h e  b i c y c l e  e r g o me te r . 
2 6  
t h e  w o rkload o f  t h e  b icyc l e  e r g o me t e r a s  clo s ely a s  p o s s i b l e .  
A mon i t o r  d e s i g ned f o r  use w i t h  t h e  Racerma t e  I I  w a s  t h e  
i n s t rument u s ed i n  mon i to r i n g  and c o n t r o ll i n g  t h e  workl oad 
d u r i ng t esting ( Appendix A). The w o rkloads w e r e  calcul a t e d  
f r om a rpm/mph / g e a r  i nch c h a r t  prov i d ed b y  t h e  m a nu f a c t u r e r  
( Appendix E ) . I n d ependent r e s e a rch h a s  v a l idated t h e  
m a n u f a c t u r e r's mon i t o r  and c h a r t  (16). 
S i nce t h e  mon i t or was c a l i b r a t ed i n  mph and h o r s epower 
( hp ) , t h e  kpm / m i n  w o rk l o ad from t h e  b icyc l e  e r g o m e t e r  w a s  
conv e r t e d  t o  hp . Hp w a s  c a lcul a t ed f r o m  kpm / m i n  b y  
c onver t i ng kpm / m i n  t o  w at t s  and w a t t s  t o  hp . 6 kpm / m i n  = 1 
w a t t  = 0 .0 0 1341 hp . 
To develop a uniform protocol, g ear inches and rpm for 
each s t a g e  w e r e  calcul a ted . To d e t e r m i n e  t h e  g e a r  i n c h e s  and 
rpm t h e  speed c o r r e s p onding to t h e  hp w a s  calcu l a t ed ,  us i n g  a 
hp v e r s u s  mph cu rv e .  T h e  cu r v e  w a s  plo t t ed u s i n g  k n own h p  
a nd mph v al u e s  f r o m  t h e  mo n i t o r  ( Append i x  E). D u e  t o  t h e  
g r o s s  cali b r a t i on o f  t h e  m on i t o r , mph values  w e r e  r ounded t o  
t h e  n e a r e s t  ha l f  m i l e . Th i s  rounding acco u n t e d  f o r  t h e  
v a r i a t i o n  b e t w e e n  t h e  kpm/ m i n  i n  t h e  w i nd l o a d  s i mula t o r  
p r o t ocol and t h e  kpm / m i n  i n  t h e  b icyc l e  e rg ome t e r  pro t o c o l  
( Appendix D ) . A f t e r  f i nd i ng t h e  speed c o r r e spondjng t o  t h e  
hp, t h e  g e a r  i n c h e s  and rpm ne eded w e r e  d e t e r m i n e d  u s i n g  t h e  
c h a r t  prov ided b y  t h e  m a n u f a c t u r e r . 
While t h e  p r o t oc o l  w a s  des i g ned t o  ma tch t h e  kpm / m i n  
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w o r k l oad of the b icycl e e r oroe t e r  t e s t ,  it w a s  a l s o d e s i g n ed 
t o  be s i m i l a r  in rpm t o  a c t u a l  comp e t i t i v e  r iding . R e s e a rch 
a nd emp i rica l  d a t a  s u g g e s t  t h a t 7 0  t o  1 0 0  r pm i s  t h e  m o s t  
e f f i c i en t  r a nge f o r  compet i t i v e  cycl i s t s  ( 1 5 , 1 7 , 1 8, 1 9 , 2 9 , 3 0 ). 
An rpm r a n g e  o f  80 to 9 5  w a s  s e l ec t ed f o r  t h e  wind l o a d  
s imul a t o r  p r o t oco l .  
To ach i e v e  the  kpm/ m i n  w o r k l oad u s i ng t h e  sel e c t ed rpm 
r a n g e  o n l y  a l im i t ed g e a r  i nch range could b e  u s ed .  In 
s e l ect i n g  t h e  exact g e a r  i nch v a l u e s  f o r  each stage t h e  s i ze 
of  the cha i n r i n g s  ( f r o n t  p o r t i o n  of  t h e  d r i v e  t r a i n ) and t h e  
f r e e w h e e l  c o g s  (r e a r  p o r t i on ) h ad t o  b e  t a k e n  i nt o  acc o u n t .  
G e a r  i nc h e s  w e r e  ca lcul ated b y  d i v i d i n g  t he number o f  te eth 
on t h e  c h a i nr i ng by the  numb e r  o f  teeth on the freew h e e l  cog , 
t h e n  m u l t i p ly i ng t h i s  n um b e r  by t h e  diameter o f  t h e  r e a r  
w h e e l  in inches ( A p p endix F) . 
R ac i n g  s t y l e  b icyc l e s  h a v e  two t y p e s  o f  rear d r o p out 
s p a c i n g , ' f i ve s p e ed and s ix s p e ed . Each w id t h  h a s  i t s  own 
hub and axle size . T o  acc omodate b oth w i d t h s ,  o n e  of two 2 7  
i nch wh e e l s  w a s  u s ed o n  the subjec t s' b icycles . T h e  s a�e 
ul t r a  s ix f r eewheel w a s  u s ed f o r  each t e s t .  F r e ew h e e l  c og 
s i z e s  o f  2 2 ,  2 0 , 1 7 ,  1 5 ,  1 4 ,  and 1 3  t e e th w e r e  s e l ec t ed to 
g i v e  t h e  g e a r  i nc h e s  n e e ded t o  a p p r o x i mate t h e  kpm/ m i n  
w o r k l oad wh i l e  s t aying wi thin t h e  rpm r a n g e  select ed. 
cog s 2 2  t h rough 1 4  w e r e  n e eded f o r  te s t i n g .  
O n l y  
Since a 5 2  t o o t h  cha i n r i n g i s  a s t a nd a rd s i ze o n  m o s t  
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r ac i ng s t y l e  b icycl e s , i t  w a s  choo s e n for t h e  tes t .  T h e  5 2  
too t h  c h a i n r i ng w i t h  t h e  s e l ec t ed r e a r  cog s i z e s  r e s u l ted i n  
g e a r  i nc h e s  o f  63 . 8 ( 6 4 ) , 7 0 . 2 ( 7 0 ) ,  8 2 . 6 ( 83 ) , 93 . 6 ( 94 ) , and 
1 0 0 . 3 (1 0 0 ) .  
A f ter t h e  g e a r  i nc h e s  w e r e  d e r i v ed ,  t h ey w e r e  p l o � t ed on 
t h e  m a n u f a c t u r er's c h a r t  a g a i n s t  t h e  s p e e d  (mph) n e eded for 
e ac h  s t a g e. W i t h  t h i s  i n forma t i o n  t h e  exact rpm for e ach 
s t a g e  w a s  d e t e rm i ned . 
P rocedu r e s  
The s u b j ec t  w a s  adv i s e d  to p e r fo rm muscle �tretching and 
warm u p  p r i o r  to e ach t e s t .  �t t h e  b e g i n n i n g  o f  each t e s t  
t h e  s ub j ec t  moun t ed the t e s t  v e h i c l e  and w a s  i n s t r u c t ed a s  to 
t h e  func t ion and impo r t a nc e  o f  the  no secl i p  and mou thp iece . 
T h e  s u b j ec t  w a s  i n s t r uc t ed to k e ep a t i g h t  s e a l  on t h e  
mou t h p iece . I n s t ruct ions w e r e  t h e n  g i v en for m a i n t a i n i n g  
wor k loads and i nd ic a t i n g  perce i v ed exe r t io n  and t e s t  
t e r m i n a t ion. 
The no s ecl i p  and mou t h p i ece w e r e  po s i t ioned for t h e  
s u b j ect. The r e s p i ra tory v a l v e  and ho s e  a p p a r a t us w e re 
mou n t ed on a pu l l ey s y s t em so i t s  h e i g h t  cou l d  b e  adju s t ed 
fo r each s ub j ec t . A t  t h i s  t i me t h e  s u b j ect w a s  a l lowed a one 
m i n u t e  w a r m  u p  on t h e  v e h i c l e  at  300 kpm/ m i n .  D u r i ng t h i s  
t i me t h e  i n v e s t i g a t o r s  t e s t ed t he s u b j e c t  a s  to t h e  p r o p e r  
u s e  o f  s i g n a l s  f o r  p e rc e i v ed e x e r t ion and t e s t  t e rm i n a tjon . 
If  no p roblems occured t h e  t e s t  w a s  s t a r t ed .  
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D u r i n g b o t h  t e s t s  t h e  s u b ject w a s  v e r b a l l y  encou r a g e d  by 
t h e  i n v e s t i g a t o r s  t o  c on t i n u e  for a s  l on g  a s  po s s i b l e .  T h e  
s ub j e c t  w a s  i n s t r uc t ed t o  g i v e  a w a r n i n g  t o  t h e  i nv e s t i g a t o r s  
t h i r t y  s econd s b e f o r e  s t opp i n g . When t h e  s ub j ec t  r epo r t e d  a 
lev e l  o f  perce i v ed e x e r t i on ( RP E) o f  1 5  on t h e  B o r g  sca l e  
( App e n d i x  G ) , t h e  i n v e s t i g a t o r s  clo s e l y  mon i t o r ed t h e  sub j e c t  
f o r  s ig n s  o f  f a t i g u e . A t  t h i r t y s econd i n t e r v a l s  t h e  sub j ec t  
w a s  que s t i o n e d  a s  t o  how much l on g e r  h e / s h e  f e l t  h e / s h e  c o u l d  
c o n t i nue . W h e n  t h e  t h i r t y  s econd w a r n i n g  w a s  g iv e n  b y  t h e  
s u b j ect  t h e  i n v e s t i g a t o r s  p r e p a r e d  t o  record t h e  f i na l  
m e a s urmen t s  o f  vo2 , h e a r t  r e t e  e nd t ime u p o n  t e r m i n a t i on o f  
t h e  t e s t . 
B icyc l e  e rgome t e r .  P r i or t o  b e g i n n i n g  t h e  t e s t  t h e  
s ub j ec t  w a s  i n s t r uc t e d  t o  k e ep t h e  n e edle o n  t h e  d i al a t  5 0  
rpm.  When t h e  s u b j e c t  w a s  p r e p a r e d  t o  proceed  f r o m  o n e  s t a g e  
t o  t h e  n ext , t h e  i nv e s t i g a t o r s  i n f o r m e d  t h e  subject o f  t h e  
pend i n g  i nc r e a s e  i n  r e s i s t a nc e  p r i o r  t o  i nc r e a s i ng t h e  
wo rkload t o  t h e  n e x t  s t a g e . 
W i n d  l oa d  s i mul a t o r. B e f o r e  e ach w i nd l o a d  s imul a t o r 
t e s t  t h e  mon i t o r  w a s  ca l i b r a t e d  f o r  rpm v e r s u s  mph . A n  
i n v e s t ig a t o r  w o u l d  ped a l  t h e  7 0  i nch g e a r  a t  1 9  mph w h i l e  a 
t w e n t y  s econd ped a l  c oun t w a s  m a d e  b y  a n o t h e r  i nv e s t i g a t o r .  
Th i s  v a l u e  w a s  mul t ip l i e d  b y  t h r e e  t o  g e t  t h e  rpm . The 
coun t e d  rpm va l u e  w a s  to  ma tch a g i v e n  rpm v a l ue  of  9 2  ( f r o m  
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t h e  m a n u f a c t u r e r ' s  i n s t r u c t i on b o o k l e t ) . I f  t h e  v a l u e s  d id 
n o t  m a t c h , t h e  m o n i t o r' s  s e n s o r ,  m o u n t ed und e r  th e r i g h t  a i r  
imp e l l e r , w a s  moved a c c o r d i ng l y  a n d  a n o t h e r  ped a l  c ou n t  w a s  
m a d e .  T h i s  p r o c e s s  c o n t inued u n t i l  t h e  r pm v a l u e s  m a t c h e d . 
O n c e  t h e  w i nd l o a d  s imu l a t o r  w a s  p r o p e r l y  c a l ib r a t e d  
w i t h  t h e  s u b j e c t ' s  b i c y c l e ,  t h e  s ub j e c t  m o u n t e d t h e  v e h ic l e  
a n d  p r e p a r e d  t o  b e g in t h e  t e s t . T h e  s ub j e c t  w a s  i n f o r m e d  a t  
t h e  b e g in n ing o f  e a c h  s t a g e  a s  t o  w h a t s p e e d  t o  m a in t a in on 
t h e  m o n it o r .  W h e n  p r o c e e d ing f r o m  o n e  s t a g e  t o  t h e  nex t ,  t h e  
i n v e s t ig a t o r s  i n f o rm e d  t h e  s u b j e c t  o f  a n  i n c r e a s e  in 
w o r k l o a d , An i n v e s t ig a t o r  t h e n  s h i f t e d  t h e  b i c y c l e  to t h e  
a p p r o p r i a t e  g e a r  a n d  g a v e  i n s t r u c t i o n s  f o r  t h e  p r o p e r  s p e e d . 
Oxygen Con s umpt i on 
O x y g e n  c on s um p t ion w a s  m e a s u r e d  u s ing o p e n  c j r c u i t  
s p i r om e t e r y .  A l ow r e s i s t a nc e ,  o n e  w a y  J a ck D a n ie l ' s  v a l v e  
w a s  u s e d w i t h  n o s e c l i p s .  E x p i r e d  g a s e s  p a s s e d  t h r o u g h  a 
m ix in g  c h a m b e r  a n d  w e r e  m o n i t o r e d  c o n t i n u ou s 1 y ,  emp l oy i n g  a n  
A p p l ied E l e c t r o c h e m i s t r y  S-3A o x y g e n  a n a l y z e r , a P -6 1 B  oxygen 
s e n s o r ,  CD3A c a rb o n  d i ox id e  a n a l y z e r , an  N - 2 2  c a rb o n  d i ox id e  
s en s o r  a n d  a n  R - 1  f l ow m e t e r .  Ven t i l a t o r y  i n s p ir a t ion 
v o l um e s  w e r e  m e a s u r e d  b y  a R a y f i e l d v o l um e  m e t e r , RAM-9 2 0 0 .  
I n s p ir e d  g a s  t em p e r a tu r e s  w e r e  �o ni t o r ed f o r  u s e  w i t h  STPD 
g a s  v o l um e  c o r r e c t i on c a l c u l a t i on s .  
The g a s  a n a l y z e r  a n d  v o l um e  m e t e r  w e r e  c o nn e c t e d t o  a n  
A p p l e  I l e  c om p u t e r  w h i c h  c o l l e c t e d ,  r e c o r d e d , a n d  a n a l y z e d  
the d a t a . The computer g ave a p r i n t o u t  o f  STPD c o r r ec t ed 
v a l u e s  f o r  v en t i l a t i on ( VE ) ,  oxyg e n  c o n s ump t i o n ( V0 2 ) ,  and 
c a r b o n  d i ox ide concen t r a t i o n s  ( Vc 0 2 ) .  To a s s u r e  tha t the 
d a t a  w o u ld n o t  b e  l o s t  comp l e t e l y  i n  the e v e n t  o f  a s y s t em 
f a i l u r e ,  m a n u a l  reco rd i n g s  were a l s o  made a t  one m i n u te 
i n t e r v a l s . 
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P r i or t o  e ach t e s t  the equ i p m e n t  w a s  ca l i b r a t ed u s i n g  a 
g a s  w i t h  k n own concen t r a t i o n s  of co 2 and o 2 . The l i n e s  and 
m i x i n g  cha m b e r  w e re d r i ed and f l u shed w i th r o o m  a i r  a f t e r  
e a ch t e s t . 
Max vo 2 w a s  con s idered t o  b e  ach i e v ed when the oxygen 
c o n s um p t i o n  e i t h e r  f a i l e d t o  r i s e  ( p l a t e a u e d )  o r  b e g a n  t o  
f a l l .  How ever, i n  three o u t  o f  the e i gh t e e n  t e s t s ,  a p l a teau 
or decrement in vo 2 w a s  n o t  e v i den t ; the f i n a l  vo 2 v a l u e  
r ec o rded w a s  the h i gh e s t . Th i s  p e a k  vo 2 v a l u e  w a s  accep t ed 
a s  a v a l i d max vo 2 du e t o  the s u b j e c t s  b e i n g  exper i e nced 
compet i t i v e  a th l e t e s and h i gh l y  m o t i v a t ed .  
H e a r t  R a t e  
To mon i t o r  the hea r t  r a t e ,  e l ec t r o d e s  w e r e  p l aced i n  t h e  
CM-5 p o s i t i o n  ( Appendix C ) and c o nnected b y  a teleme t r y  u n i t  
t o  a Phy s i oc on t r o l  L i f ep ac ,  mod e l  6 0 0  E CG mach i n e. H ea r t  
r a t e s  w e r e  m a n ua l l y  r ec o rded every m i n u t e  on the m i nu t e . A 
f i n a l  h e a r t  r a t e  w a s  recorded a t  t � e  term i n a t i o n  o f  t h e  tes t .  
T h e  maximum h e a r t  r 8 t e  wa s d ef i ned a s  the h i gh e s t  h e a r t  r a t e  
a t t a i n ed du r i ng each tes t . 
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Perceived Exer t i on 
The s u b j e c t  w a s  i n s t ru c ted in the use of t he Borg s c a le 
o f  percei ved exer t i on ( Append ix G )  p r i o r  t o  e a c h  tes t .  A t  
the end o f  each m i nu t e  the s u b j e c t  w a s  a sked t o  g i v e  a r a t i ng 
o f  h i s / her exe r t i on ( RPE) . A r a t i n g  w a s  a l s o  t aken a t  the 
term i n a t j on o f  e a c h  te s t .  
B l ood L a c t a te 
A t h ree milli l i te r  ( m l )  s amp le o f  b l ood w a s  d rawn w i t h  a 
s y r i nge f r o m  a n  an tecub i t a l  vein f o u r  t o  f ive m i n u t e s  p o s t  
exe r c i s e .  The b l ood w a s  p l a ced into a c h i l led t e s t  t ube from 
whi c h  two m l  were pipe t ted i n t o  a test  t ube c on t a i n i n g  f o u r  
m l  o f  c o ld perc h l o r i c  a c i d . The tube w a s  c overed w i t h  
p a r a f i l m  a n d  s h aken v i g o r o u s l y f o r  t h i r t y  second s .  I t  w a s  
then held a t  0 degrees C e l s i u s  un t i l  the a n a l ys i s  w a s  t o  be 
c omp le ted . Two a n a l yses  were r u n  on e a c h  b l o o d  s ample a s  a 
method o f  check i n g  the r e s u l t s  o f  the a n a l y s i s .  
The a n a l y s i s  w a s  per f o rmed a c c o r d i n g  t o  S i gma N O .  8 2 6  UV 
b l ood l a c t a te a s s a y  ( Append i x  H ) .  A l l  a s s a y s  f or each t e s t  
ses s i o n  wer e  per f o rmed i n  the Buman Per f o rmance L a b  t he d a y  
f o l l ow i ng t he se s s i o n .  
Due t o  i n t r a- s arr.ple v a r i a b il i t y  the b l ood l a c t a te d a t a  
w a s  n o t  u s ed ( Append i x  H ) .  The v a r i a b i l i t y  was a t t r i b u t ed t o  
mea s u rement e r r o r s  made b y  t he inve s t i g a t o r  d u r i n g  pipe t t i ng. 
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Ana lys i s  o f  t h e  Data 
Max imum oxy g e n  c o n s u mp t i on ,  maximum hea r t  r a t e ,  and te s t  
d u r a t i on were s t a t i s t ically a n a l yzed a c c ording t o  t he sex o f  
t he p a r t ic i p a n t s .  The mean and s t a ndard dev i a t i o n  we r e  
c a lcu l a ted. T o  dete r m i ne i f  any s ig n i ficant d i f ference 
occu rred a S t udent t - t e s t  w a s  u sed w i t h  a .05 leve l o f  
s ig n i f ica nce . 
CHAPTER 4 
A na l y s i s  o f  the Data 
T h i s  study was c o nducted t o  i nvestigate whether a n y  
s ig n i f i cant d i f f er e n c e ex i st e d  b et w e e n  max imum o x y g e n  
c onsumpt i o n , max i mum h e art rate , b l o o d  l a ctate r e s p on s e  and 
t e s t  durat i on a c h i e v e d  on a b i c y c l e  ergometer a n d  a w i nd l oad 
s i mu l ator . N in e  sub j e ct s ,  f i v e  m a l e  a n d  f our f emal e ,  w e r e  
tested o n c e  on e a c h  d ev i c e .  T h e i r  raw data ( Ap p e n d i x  I )  was 
t h e n  anal y z e d  and c ompared a c c ord i ng t o  s e x . 
D ata C o n v ers i o n 
Max i mum o x y g e n  c o n sumpt i on w a s  c orrected to Standard 
Temperatur e  and Pres sure Dry ( STPD ) and was ex pressed i n  
w i l l i 1 iters per k i l ogram o f  b o d y  w e i g ht p e r  m i nut e 
( m l / kg / m i n ) . The h eart r a t e s  were mon itored b y  t e l emetry and 
r e c o rd e d  in beats per m i out e ( b p m ) . Test  dura t i o n  w a s  
e x pres s e d  i n  m i nut e s . 
Stat i st i c a l  T r eatment 
The raw s c o r e s  were avera g e d  s e parat e l y  f or t h e  mal e s  
and f e ma l es . A Student �-test at t h e  . O S  l e v e l  o f  
s i g n i f i c an c e  w a s  u s e d  to d eterm i n e  wh ether any s i g n i f i c a n t  
d i f f er e n c e o c cured b et w e e n  t h e  max vo2 v a l ue s , max imum h eart 
rates and t e st durat i o n s  m e asured on the b i c y c l e  ergometer 
and w i nd l oad s imulator . 
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P r e s e n t a t i o n  o f  t h e  F i nd i ngs 
T h e  m e a n  v a l u e s  f o r  e a c h  s t a g e  w e r e  l i s t e d  in T a b l e  3 
f o r  t h e  ma l e s  and T a b l e  4 f o r  t h e  f em a l e s . T ab l e  5 a n d  6 
c on t a i n  a summa r y  o f  t h e  f i nd i n g s  f o r  t h e  m a l e s  a n d  f e ma l e s , 
r e s p e c t i v e l y . 
Max imum Oxygen C o n s u mpt i o n  
T h e  m e a n  v a l u e  f o r  t h e  M o n a r k  b i c y c l e  e rg ome t e r  t e s t  w a s  
c om p a r e d  t o  t h e  m e a n  v a l u e  f o r  t h e  R a c erma t e  I I  w i nd l o a d  
s im u l a t o r  t e s t ,  ma l e s  t o  ma l e s  a n d  f em a l e s  t o  fema l e s . N o  
s i g n i f i c a n t  d i f f er en c e  w a s  f ound . 
M a x i mum H e a r t  R a t e  
The m e a n  r a t e  f o r  t h e  Monark t e s t  w a s  c om p a r e d  t o  t h e  
mean r a t e  f o r  t h e  R a c e r m a t e  I I  t e s t ,  a c c o rd i ng t o  s e x . No 
s i g n i f i c a n t  d i f f er e n c e  w a s  f ound . 
B l o o d  L a c t a t e  R e spo n s e  
T h e  d a t a  w a s  n o t  u s e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s  d u e  
t o  i n t r a - s am p l e  v a r i a b i l i t y  ( Ap p e n d i x  H ) . 
T e s t  D u r a t i o n 
W h e n  t h e  m e a n s  o f  t h e  m a l e s  w e r e  c omp a r ed , n o  
s ig n i f i c a n t  d i f f e r e nc e w e. s  f ound . How e v e r , f o r  t h e  f em a l e s  
t h e r e  w a s  a s i g n i f i c a n t  i v a lu e  o f  5 . 5 7  w h e n  c o mp a r i ng t h e  
m e a n  f o r  t h e  b i c y c l e  e r g ome t e r ,  1 2 . 0 0 m i nu t e s ,  to  t h e  m e an 
f o r  t h e  w ind l oa d  s i mul a t o r , 9 . 56  m i n u t e s . 
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Table 3 
Mean Values Per Stage 
Males 
RR V E V02 R P E  S tg L oad BE ws BE ws BE ws BE ws 
I 6 54 119 127 30.18 34 .65 2 3 . 5 1  24.70 8 8 
I I  981 140 14. 8 42. 4 3  50. 61 31 . 4 7 32 .71 10 10 
I I I  1308 16 1 170 58.72 74.60 39. 82 42. 4 1  1 3  1 3  
I V  1635 176 18 1 84.56 100. 19 48 .92 51. 80 15 17 
v 17 98 187 189 109 . 30 1 12.89 55 . 32 55 .62 1 8  1 8  
V I  1962 193 194 125.7 3  129. 5 8  5 8.10 56. 37 19 20 
L oad - the actual w orkload wh ich includes the 9% i ncre a s e  due 
t o  chain friction . 
B E  - bicycle erg ome ter WS - wind l oad simulato r  
R R  - h e a r t  r a te, bmp ventilati on, L/min 
V02 - ox ygen c onsumption, ml/kg/min 
R P E  - p e r ceived exe r tion 
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T a b l e  4 
Meatl V a l u e s  P e r  S t a g e  
Fema l e s  
RR v V 0 2 RPE S t g  L o a d  B E  w s  B E  Ew s  B E  w s  B E  w s  
I 6 5 4  1 2 9  1 4 5  2 7 .  0 7  3 6 . 94 2 9 . 4 6  3 5 . 2 3 1 0  1 0  
I T  9 8 1  1 5 8  1 7 0  4 2 . 4 5 5 5 . 6 2 3 9 . 9 1 46 . 3 0  1 2  1 4  
I l l  1 3 0 8  1 7  6 1 84 6 2 . 6 4  83 . 6 2  4 8 . 3 2  5 3 . 4 8  1 6  1 7  
I V  1 6 3 5  1 84 1 80 9 1 . 8 9 9 1  • 6 1  5 5 . 2 6 5 4 . 6 4  2 0  2 0  
v 1 7 9 8  1 7  9 1 0 3 . 82 5 5 . 6 9  2 0  
L o a d  - t h e  a c t u a l  w o r k l o a d  w h i c h  i n c l u d e s  t h e  9% i n c r e a s e  d u e  
t o  c h a i n  f r i c t i o n . 
B E  - b i c y c l e  e r g ome t e r  WS - w i nd l o a d  s imul a t o r  
HR - h e a r t  r a t e ,  bpm VE - v e n t i l a t i on ,  L / m i n  
v o 2 - o x y g e n  c o n s ump t i on .  m l / k g / m i n  
R P E  - p e r c e iv e d  e x e r t i o n  
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Table 5 
Mean a n d  !_- t e s t  f o r  t h e  Maximum Valu e s  
M a l e s  
P arame t e r  x S D  S E  t 
max vo2 B E  5 7 • 1 7 3 . 2  1 • 4 7 
max vo2 w s  5 6 . 4 8 3 . 6  1 • 1 6  1 • 2 0  
max HR BE 1 9 3  7 . 6 5  3 . 42 
max HR w s  1 9 2 5 .  1 3  2 . 2 9  . 3 5  
TD BE 1 6  • 9 5 1 . 46 . 6 5  
TD w s  1 4 . 80 2 . 44 1 • 0 9 1 • 5 3  
vo 2 - o x y g e n  c o n s ump t i on, m l / kg / min 
HR - p e art r a t e ,  bpm BE - bicycle e r ome t er 
TD - t e s t  du ration , minu t e s  WS - w i nd load simu l a tor 
T a b l e  6 
M e a n  a n d  �- t e s t  f o r  t h e  Max imum V a l u e s  
F em a l e s  
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P a r a m e t e r  x SD S E  t 
max vo 2 B E  5 5 . 9 3 3 .  1 6  1 • 5 8 
max vo 2 w s  5 5 . 7 8 1 • 9 7 . 9 8 . 1 0  
max HR BE 1 8 5 1 1  • 3 0  5 . 6 5  
max RR ws 1 86 1 6 . 0 3  8 . 0 1  • 3 8 
TD B E  1 2 . 0 0  . 8 2 . 4 1 
TD w s  9 . 5 6 1 .  3 3  . 6 6  5 . 5 7
* 
vo 2 - oxygen c o n s ump t i on , m l / kg / m i n  
R R  - h e a r t  r a t e ,  b p m  B E  - b i c y c l e  e r g om e t e r  
TD - t e s t  d u ra t i o n , m i n u t e s  w s  - w i n d  l oad s illlu l a t o r  
* 
- s ig n i f i c an t  a t  t h e  . 0 5  l e v e l  o f  c o n f i d e nc e .  
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D i s c u s s i o n  o f  the F i nd i ngs 
It w a s  the p u r p o s e  o f  th i s  stud y to d et e r m i n e  wh eth e r  a 
s ig n i f ic ant d i f f e r e n c e i n  p e r f o rma n c e  ex i sted betw e e n  t e s t i n g  
on a b i c y cl e  e r g ometer a n d  t e s t i n g  o n  a w i nd l o a d  s im u l ator . 
P e r f o r m a n c e  w a s  i n v e st ig ated a c c o r d i n g  to  th r e e  f i nal 
p a r a mete r s :  max vo 2 , max imum h eart rate a n d  test d u r at i o n . 
The max imum vo 2 v a l u e  f o r  the male s r a n g e d  f r o m  5 3 . 44 
to 6 1 . 4 2 ml / k g / m i n  w ith a m e a n  o f  5 7 . 1 7 on the b i c y c l e  
e r g ometer a n d  5 6 . 4 8 o n  the w i nd l o a d  s im u l a to r . F o r  the 
f em a l e s  the max vo 2 ranged  from 5 2 . 0 4  to 5 9 . 7 7  w ith a m e a n  o f  
5 5 . 9 3 o n  the b i c y l e  e r g omete r a n d  5 5 . 7 8  o n  the w ind l o a d  
s imulat o r . Max imum h e a rt rate f o r  t h e  ma l e s  r a n g e d  f r om 1 83 
to 2 0 4  bpm w ith a mean o f  1 9 3 on th e b i c y c l e  e r g ometer a n d  
1 9 2 o n  the w i n d  load s im u l a to r . F o r  the f ema l e s ,  max imum 
h e a r t  rate r a n g e d  f r o m  1 7 5  to 2 1 0  w ith a mean of 1 8 5 on the 
b i c y c l e  e r g ometer a nd 1 86 on the w ind l o a d s i mulat o r . T e s t  
d u r a t i o n  f o r  t h e  ma l e s  r a n g e d  f r o m  1 1 . 5 0 t o  1 8 . 0 0  m i nutes 
w ith a mean of 1 6 . 9 5 on the b i c y c l e  erg ometer and 1 4 . 80 on 
t h e  w i nd load s im u l a to r .  F o r  th e f ema l e s  t e s t  d u r at i on 
r a n g e d  f r o m  8 . 5 0 to 1 3 . 0  w ith a m e a n  o f  1 2 . 0 0  on the b i c y c l e  
e r g ometer a n d  9 . 5 6 o n  the w i nd l o ad s imu l at o r . 
F o r  the ma l e s , no s i g n i f i c a nt d i f f e r e n c e  w a s  f ou n d  
betw e e n  the p a r aroete r s  m e a s u r e d . The s e  r e s u l t s  w o u l d  s e em to 
i n d i c ate that f o r  th e males  the u s e  o f  t h e  w i nd l o a d  
s imulator a n d  the i r  own b i c y c l e s  d id not n e c e s s a r i l y  e n h a n c e  
c o nd i t i o n s  f o r  roa x i wum p e r f o r m a n c e  u n d e r  l a b o r a t o r y  
c ond i t i o n s .  Howev e r , i t  s h o u l d  b e  n o t ed t h a t  t h e  m e a n  t e s t  
d u r a t i o n  f o r  t h e  Mon a rk b i c y c l e  e r g o me t e r  e x c e e d ed t h e  m e a n  
d u r a t i o n  f o r  t h e  R a c erma t e  I I  w i nd l o ad s imu l a t o r  b y  2 . 1 5  
m i n u t e s . 
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Wh i l e  no s i g n i f i c a n t  d i f f e r e n c e w a s  f ound b e tw e e n  t h e  
max vo 2 v a l u e s  a n d  maximum h e a r t  r a t e s  f o r  t h e  f ema l e s ,  a 
s i g n i f i c a n t  d i f f e r e n c e  � � s  f ound b e t w e e n  t e s t  d u r a t i on s . The 
r e s u l t s  i n d i c a t e d  t h a t  t h e  f ema l e s  w e r e  a b l e  to  r i d e  2 . 4 4  
m in u t e s  l o ng e r  o n  t h e  b i c y l e  e r g ome t e r  t h a n  o n  t h e  w i nd l oad 
s i mul a t o r , When c omp a r i ng t h e  t ime t o  t h e  c o r r e s pond i ng 
w o r k l o a d , on t h e  w i nd l oa d  s i IDu l a t or t h e  m e a n  o f  9 . 5 6  m i n u t e s  
r e s u l t e d  i n  a n  a v e r a g e  o f  o n l y  33 s e c ond s at 1 5 0 0  kpm / m i n 1 
s t a g e  I V .  O n  t h e  b i c y c l e  e r g om e t e r  t h e  w e a n  o f  1 2 . 00 m i n u t e s  
i n d i c a t e d  t h a t  o n  t h e  a v e r a g e  t h e  s ub j e c t s  w e r e  a b l e  t o  
f i n i s h  s t a g e  I V  a t  1 5 0 0  kpm/rni n .  E s s e n t i a l l y ,  t h e  fema l e s  
w e r e  a b l e  t o  r i d e  a lm o s t  o n e  m o r e  c om p l e t e  s t a g e  w h i l e  on t h e  
b i c y c l e  e r g o me t e r .  A l s o  t h e  m e a n  v a l u e s  f o r  vo2 a nd h e a r t  
r a t e  p e r  s t a g e ,  Tab l e  4 ,  s howed h ig h e r  v a l u e s  o n  t h e  w i nd 
load s iffiu l a t o r t h a n  on t h e  b i y c l e  e r g om e t e r . 
T h e  r e a s o n s  f o r  t h e  d i f f e r e n c e  i n  t e s t  d u r a t i o n s  a n d  t h e  
c o n s i s t e n t l y  h i g h e r  vo 2 a n d  h e a r t  r a t e  v a l u e s  p e r  s t a g e  w e r e  
n o t  c omp l e t e l y  c l e a r . S i n c e  t h e  sub j e c t s  u s e d  t h e i r  own 
b i c y c l e s  on t h e  w i nd l oa d  s i mu l a t or ( t h e  b i c y c l e s  on w h i c h  
t h e y  h a d  b e e n  t r a i n i ng ) , i t  w a s  f e l t t h a t  p o s i t i o n i n g  a n d  
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e quipme n t  w e r e  p r o b a b l y  n o t  a m a j o r  f a c t o r .  Howev e r, f o r  
the f ema l e s  t h e  h i g h e r  rpm used w i t h  t h e  w i nd l oad s imul a t o r  
t e s t  m a y  h a v e  b e e n  i n e f f i c i e n t  ( wh i c h  i s  suppo r t ed b y  t h e  
m e a n  vo 2 and h e a r t  r a t e  v a lues p e r  s t a g e )  and c ould h a v e  
c on t r i bu t ed t o  a s h o r t e r  t e s t  dur a t i o n .  
A s t r a nd and o t h e r s  ( 3 , 4 , 2 1 , 2 8 , 37 ) f ound t h a t  SO t o  6 0  
rpm w a s  t h e  op t ima l r a t e  f o r  b i c y c l e  e r g ome t e r  t e s t i ng .  W i th 
t h e  e x c ep t i on o f  R i c c i  and L e g e r  ( 37 ) ,  t h e s e  s t ud i e s  u s ed 
un t r a i ned s u b j e c t s .  H a g b e r g, e t  a l .  ( 1 7 , 1 8 , 1 9 )  and F a r i a, e t  
a l. ( 1 4 ) , us i ng c ompe t i t i v e  c y c l i s t s  a s  s ub j e c t s ,  c on c l uded 
t h a t  t h e  op t ima l r a t e  o f  peda l i n g w a s  b e tw e e n  7 0  t o  1 0 0  rpm. 
T h e y  a l s o  f ound t h a t  pedal r a t e s  a b o v e  a subj e c t's o p t i m a l  
r a t e  w e r e  l e s s  e f f c i e n t  t h an ped a l  r a t e s  b e l ow t h e  sub j e c t' s 
opt ima l r a t e. 
F o r  t h e  Mona r k  b i c y cle e r g om e t e r  t e s t  a s t a ndard rpm o f  
5 0  w a s  used . O n  t h e  R a c e r m a t e  II w i nd l o ad s imul a t o r, t h e  
rpm r a n g ed b e t w e e n  8 0  t o  9 5 .  I t  i s  po s s ib l e  t h a t : 1 )  t h e  
peda l r a t e s  f o r  t h e  w i nd l o a d  s imul a t o r  t e s t  w e r e  a b o v e  t h e  
op t im a l  peda l r a t e  f o r  t h e  f em a l e s ; 2 )  t h e  f ema l e s' b ic y c l e  
t r a i n i n g  w a s  n o t  suf f i c i e n t  t o  p r oduc e t h e  n e c e s s a r y  t r a i n i n g  
e f f e c t s  n e eded t o  w a j n t a i n  c on s i s t en t l y  h i g h  p ed a l  r a t e s  
dur i n g  t h e  R a c e rma t e  II w i nd l o ad s imu l a t o r t e s t .  
CHAPTER 5 
S umma r y , C on c l u s i o n s  a n d  R e c ommend a t i o n s  
T h e  p u r p o s e  o f  t h i s  s t ud y  w a s  t o  d e t e r m i n e  w h e t h e r  a n y  
s ig n i f i c a n t  d i f f e r e n c e  i n  p e r f o r ma n c e ex i s t s  b e t w e e n  a 
m a x ima l e x e r c i s e t e s t  on a M o n a r k  8 6 8  b i c y c l e  e r g om e t e r  and � 
R a c e r m a t e  I I  w i nd l o ad s i mu l a t o r .  P e r f o r m an c e  w a s  m e a s u r e d 
a c c o r d i n g  t o  t h r e e  f i n a l  p a r a m e t e r s :  max imum o x y g e n  c on s u m p -
t i o n ,  m a x imum h e a r t  r a t e  a n d  t e s t  d u r a t i o n .  
N i ne w e l l  t r a i n e d  s ub j e c t s ,  f i v e  m e n  a n d  f o u r  w o me n ,  
p a r t i c i p a t e d  i n  t h e  s t ud y .  A l l  s ub j e c t s  b a d  r e c e n t l y  b e e n  
i n v o l v e d i n  b i c y c l i n g  f o r  t r a i n i n g  p u r p o s e s . 
T e s t i n g  c on s i s t ed o f  t w o  t r i a l s  f o r  e a c h  s u b j e c t ,  o n e  
t r i a l  on t h e  M o n a r k  8 6 8  b i c y c l e  e r g om e t e r u s i n g a s t a n d a r d  
p r o t o c o l  ( 1 ) ,  a n d  o n e  t r i a l  on t h e  R a c e r m a t e  I I  w i n d  l o a d  
s im u l a t o r  u s i n g  a p r o t o c o l  w i t h  w o rk l o a d s  s im i l a r t o  t h e  
M o n a r k  p r o t o c o l ,  b u t  w i t h r p m  v a l u e s  r a n g i n g  f ro m  8 0  t o  90 . 
V02 w a s  c a l c u l a t e d  e v e r y  30 s e c o nd s .  h e a r t  r a t e  e v e r y  m i nu t e , 
a n d  t o t a l  t e s t  d u r a t i o n  w a s  r e c o r d e d  t o  t h e  n e a r e s t  1 5  
s e c o nd s .  
T h e  d a t a  w a s  a n a l y z e d  u s i n g  t h e  S t u d e nt �- t e s t  a t  t h e  
. O S  l e v e l  o f  s i g n i f i c a n c e .  The m e a n  v a l u e s  f o r  e a c h  
p a r a m e t e r  w e r e  c om p a r e d  a c c o rd i n g  t o  s e x . 
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C o n c l u s i o n s  
A c c o r d i n g  t o  t h e  r e s u l t s  o f  t h i s  s t u d y , t h e  h y p o t h e s i s  
s h o u l d  b e  r e j e c t e d  f o r  t h e  m a l e s . N o  s ig n i f i c an t  d i f f e r e n c e  
wa s f o u n d  i n  p e r f o rm a n c e  a s  d e f i n e d  b y  m a x  vo 2 , m a x iroum h e a r t  
r � t e  and t e s t  d u ra t i o n .  
F o r  t h e  f em a l e s , t e s t  d u r a t i on w a s  s i g n i f i c an t l y  l o n g e r  
d u r i ng t h e  b i c y c l e  e r g om e t e r  t e s t ,  wh i l e  t h e  o t h e r  t w o  
p a r a m e t e r s  s h ow e d  n o  d i f f e r e n c e .  Howeve r ,  t h e  d i f f e r en c e  i n  
t e s t  du r a t i on w a s  o p po s i t e  o f  t h a t  s t a t e d  i n  t h e  h y p o t he s i s , 
t h e r e f o r e  t h e  h y po t h e s i s  s h ou J d  b e  r e j e c t e d  f o r  t h e  f e m a l e s  
a s  w e l l .  
F o r  l a b o r a t o r y  t e s t i n g i t  w o u l d  a p p e a r  t h a t  po s i t i on a l  
d i f f e r e n c e s  w h i c h  o c c u r  w h e n  r i d i ng a r a c i n g  s t y l e  b i c y c l e  a s  
c om p a r e d  t o  a t y p i c a l  b i c y c l e  e r g om e t e r  ( i n c r e a s e d  f o r w a r d  
l e an , s u s p en s i on o f  t h e  t h o r a c i c  c a g e ,  a n d  i nc r e a s ed 
s t a b i l i t y  o f  t h e  t o r s o  a n d  s h o u l d e r  g i r d l e )  h a v e  l i t t l e  
e f f e c t on s h o r t  d u r a t i on m a x i m a l  p e r f o r man c e .  T b e  
s i g n i f i c a n t  d i f f e r e n c e  f ound i n  t e s t  d u r a t i on f o r  t h e  f err. a l e s  
i nd i c a t e s  t h a t  r pm m a y  h a v e  a m a j o r  i n f l u e n c e  on w o r k l o a d  
t o l e r a n c e  a n d  t h e  a b i l i t y  t o  s u s t a i n  m a x i m a l  p e r f o rm a n c e  
d t1 r i n g  l a b o r a t o r y t e s t i n g . Howev e r , i t  s h o u l d  b e  n o t e d  t h a t  
t h e  s amp l e  p o pu l a t i on w a s  n o t  e x c l u s i v e l y , n o r  e v e n  p r i ­
m a r i l y ,  b i c y c l e  t r a i ne d . B i c y c l e  t r a i n i n g w a s  a p a r t  o f  
t h e i r  ov e r a l l  c ond i t i on i ng p r o g r am . 
R e c omm e n d a t i o n s  
1 .  S im i l a r  t e s t i n g  b e  d on e  w i t h  a l a r g e r  numb e r  o f  
s ub j e c t s  t h a t  a r e  p r i ma r i l y  o r  ex c l u s i v e l y b i c y c l e  t r a i n e d  
a n d  a r e  comp e t i t i v e  c y c l i s t s .  
2 .  To r e d u c e  t h e  e f f e c t s  o f  r pm ,  f u r t h e r  t e s t i ng b e  
d on e  w i th r p m  v a l u e s  b e i n g  t h e  s a m e  f o r  a l l  t e s t s ,  
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APPENDIX A 
RACERMATE J I  WIND LOAD S I MULATOR 
PLATES 
P l a t e  1 :  R a c e r m a t e  I I  W i n d  Load S im u l a t o r  
P l ate 2 :  R a c erma t e  I I  w i t h B i c y c l e  
P l a t e  3 :  R a c erma t e  I I  Mon i t o r  
47  
4 8  
P l a t e  1 :  R a c erma t e  I I  W ind L o a d  S im u l a t o r  
4 9  
Plate 2 :  Racerma te I I  with Bicycle 
50 
Plate 3 :  Racerma te II Monitor 
A P P E tl D  IX B 
INFORMED CONSENT 
5 1  
I voluntarily consent to be a subject in this research project involving 
a comparison of results obtained on a Monark bicycle ergometer and a Racer­
mate II windload simulator. The parameters to be compared are energy expend­
iture, heart rate response· and blood lactate levels. 
I will undergo two tests, one on the Monark bicycle ergometer and another 
on the Racermate II. using my own bicycle. The tests will be of maximal ef­
fort in which I will continue until exhaustion. I understand in tests of this 
nature a certain amount of risks and discomfort may be involved and may . in­
clude nausea. extreme fatigue, muscle cramping, dizziness , shortness of breath. 
heart attack or sudden death. There will be a minimum of forty-e�ght hours 
between the two tests and each. test will be given at approximately the same 
time of day. 
During the performance of each test I will be required to wear a nose 
clip and breathe through a mouthpiece and valve apparatus .  A trained observer 
will monitor my heart rate, blood pressure and oxygen consumption. I will re­
ceive verbal encouragement periodically throughout the tests. At the conclu­
sion of each test a blood sample will be drawn from an arm vein and will be 
analyzed for blood lactate level. 
I realize that I may stop the test at my discretion or refUse to continue 
with any portion of the testing without prejudice by the investigators. 
I agree to not exercise within twenty-four hours previous to testing and 
to not eat within twelve hours of testing. 
Benefits to be derived through my participation as a subject include 
increased knowledge of my fitness level ·through measurement of my energy ex­
penditure in a maximal effor.t. heart rate responses to increasing workloads , 
and blood lactate responses to a maximal effort. 
I am free to ask questions pertaining to the procedures or any other 
aspect of the project. 
To insure confidentiality, my name will not be directly related to any 
of the data presented. 
I have read the preceding information and understand its content. Any 
questions which may have occurred to me concerning this informed consent have 
been answered to my satisfaction. · 
Date 
Signature of parent or guardian if under 1 8  
Witness 
5 2  
A P P E N D I X  C 
C M - 5  E L E CTRODE P L A C E M E � T  
M e l e c t r o d e  - p l a c e d  o n  t h e  s t e r n u� b e n e a t h  t h e  c l a v i c u l a r  
n o t c h .  
+ e l e c t r o d e  - p l a c e d  1 n  t h e  v 5  po s i t i o n . 
.APPEND I X  D 
TF. ST P R O TO COLS 
Mon a r k  B i c y c l e  E r g ome t e r  
S t a g e  M i n  KP RPM 
I 0 - 3  2 . 0  s o  
I I  3 - 6  3 . 0  s o  
I I I  6 - 9  4 . 0  s o  
I V  9 - 1 2  s . o s o  
v 1 2 - 1 5  s . s  s o  
V I  l S - 1 8  6 . 0 so 
V I I  1 8- 2 1  6 . S  s o  
V I I I  2 1 -2 4  7 • 0 s o  
M i n  - m i n u t e s  
P r o t o c o l  
KPM/ m i n  
6 S 4  
9 8 1  
1 3 0 8  
1 6 3 S  
1 7  9 8  
1 9 6 2  
2 1 2 6 
2 2 8 9  
KPM/ m i n  - t h i s  i s  t h e  a c t u a l  work l oa d  
w h i c h  i n c l u d e s  t h e  9 %  i n c r e a s e  
d u e  t o  c h a in f r i c t i o n .  
S 3  
S t a g e  
I 
I I  
I I I  
I V  
v 
V I  
V I I  
V I I I  
APPEND IX D c o n t i nu e d  
R a c e rma t e  I I  W i n d  Load  S im u l a t o r  
P r o t o c o l  
M i n  SPD G e a r "  RPM KPM/min 
0 - 3  1 6  . 0 6 4  84 6 5 3  
3 - 6  1 9 . 0  7 0  9 2  9 8 4  
6 - 9  2 1  . 5 83  87  1 3 4 2 
9- 1 2  2 3 . 0  94 83 1 6 0 1  
1 2 - 1 5 2 4 . 0  83  95  17  90 
1 5 - 1 8  2 5 . 0  94 90 1 9 50 
1 8- 2 1  2 5 . 5  1 0 0  86 2 1 0 3 
2 1 - 2 4  2 6 . 0  9 4  9 5  2 2 7 3  
M i n  - m i n u t e s  SPD - s p e e d , mph 
G e a r "  - g e a r  i n c h e s  
5 4  
A P P EN D IX E 
MANUFACTURER ' S  CHART AND INSTRUCTIONS 
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PEDAL RPM • 
5 5  
l 
.. 
�I * 
Note : The Monitor can be calibrated with any combination 
o.f "gear" , speed and pedal RPM. For highest accuracy 
choose speed most frequently used in training as the 
calibration speed. 
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A P P EN D IX E c o n t inued 
HORSEPOWER V E R S U S  MILES PER HOUR CURVE 
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APPEND I X  F 
Gear i n c he s  s # teeth, c h a i n r i ng x d i ameter , rear wheel 
# tee t h, f reewheel c o g  
C h a i n r i ng Freewheel c o g  Rea r  wheel d i ameter Gear 
I! tee t h  # tee t h  i n c he s  i nc he s  
5 2  2 2  2 7  6 4  
5 2  2 0  2 7  7 0  
5 2  1 7  2 7  83 
5 2  1 5 2 7  9 4  
5 2  1 4  2 7  1 0 0  
Gear inches were rounded t o  the nea r e s t  w h o l e  number . 
A P P El\ D I X  G 
B O R G  S CA L E  O F  P E R C E I V E D  EXE R T I ON 
R a t i n g  
6 
7 
8 
l G  
1 1  
1 2  
1 3  
1 4-
1 5  
1 6  
1 7  
lf; 
2 0  
D e s c r i p t i o r.  
VERY , V E R Y  L I G H T  
V E R Y  L I G H T  
F A I R LY L I G H T  
H E A V Y  
V E R Y  H E /, V Y  
VERY , V E F.Y H E A V Y  
5 9  
A P P E ND I X  H 
B L O O D  LACTA 1 F  D A 1 A  AND A N A LY S I S  
B l o o d  L a c t a t e  D a t a  
mg % 
M o n a r k  R a c e rm a t e 
t r i a l  t r i a l  
S u b j e c t  a b a b 
m a l e s  l 1 3 8 . 8 6  1 2 9 . 6 9  1 3 3 . 6 0  1 2 5 . 7 6  
2 7 7 . 0 3  7 5 . 9 8 9 8 . 2 5  9 1  • 7 0 
3 1 0 3 . L.. 9  9 8 . 2 5 9 0 . 3 9  7 9 . 9 1  
4 1 2 0 . 5 2 1 1 2 . 6 6  1 1 5 . 2 8  1 1 0 . 0 4  
5 1 0  4 .  80 1 1 0 . 0 4  1 1 0 . 0 4  1 0 8 . 7 3  
f em a l e s  6 6 3 . 5 3 6 2 . 8 8  7 3 . 3 6 6 6 . 8 1  
7 1 2 4 . 4 5  9 4 . 3 2  1 1 � . 2 1  1 3 6 . 2 4  
8 9 5 . 6 3  96 . 9 4 9 5 . 6 3  8 1  . 2 2 
9 1 1 6 . 5 9  1 1 2 . 6 6  1 40 . 1 7  1 4 6  • 7 2 
R e age n t s *  1 • 
A P P E N D I X  H c o n t i nu e d  
B l o od L a c t a t e  A n a lys i s  
6 0  
2 • 
3 • 
8% p e r c h l o r i c  a c i d  ( H CL04 ) 
G l y c i n e  b u f f e r , w i t h  h y d r a z i n e , pH  = 9 . 4 
La c t a t e  d eh y d r o g e na s e  ( LD H )  
4 .  N i c o t i na m i d e  a d e n i n e  d i nuc l e o t i d e , 
o x i d i z e d  f o rm ( N AD + )  
5 .  D e i on i z e d  w a t e r  
P r o c e d u r e  
1 .  Imrr.ed i a t e l y a f t e r  t h e  b l o od s amp l e s  a r e  d r awn , two 
m i l l i l i t e r s  ( r. l ) o f  b l o o d  i s  p i p e t t ed i n t o  a c u l t u r e  t u b e 
c o n t a i n i ng f o u r  m l  o f  c o l d  8% H C 1 04 • 
2 .  T he  c a p  i s  p l a c e d  on t h e  c u l t u r e  t u b e  a nd t h e  s o l u t i o n  
i s  s h a k e n  v i g o r o u s l y  f o r  3 0  s e c o n d s  a n d  h e l d  a t  3 0  d e g r e e s  
C e l s i u s  u n t i l  r e a d y  f o r  f u r t h e r  a n a l y s i s .  
3 .  W h e n  r e a d y  f o r  f u r t h e r  a na l y s i s  t h e  t u b e s  a r e  
c e n t r i fu g e d  f o r  a t  l e a s t  5 m i n u t e s . 
4 . P i p e t  i n t o  a 1 0  mg NAD v i a l ,  s t o ck n o . 2 6 0 - 1 1 0  
2 . 0 m l  G l y c i n e  b u f f e r  
4 . 0  m l  d e i on i z e d  w a t e r  
0 . 1 m l  L a c t a t e  d e h y d r o g e n a s e  
I nv e r t  t h e  v i a l  s e v e r a l  t i m e s  t o  d i s s o l v e  t h e  NAD .  
C om b i n e  t h e  s o l u t i on s  i n t o  a f l a s k .  
( T h i s  a m o u n t  i s  e n o u g h  t o  t e s t  t w o  s a mp l e s )  
5 .  A n  a p p r o p r i a t e  n u m b e r  o f  t u b e s  a r e  l a b e l ed B l a nk ,  T e s t  
l a ,  l b ;  T e s t  2 a ,  2 b ;  e t c .  
p i p e t t e d  i n t o  e a c h  t u b e .  
2 . 8  m l  c f  t h e  NAD m i x t u r e  i s  
APPEND I X  H c on t i n u e d  
6 .  0 . 1  m l  o f  8% p e r c h l o r i c  a c i d  i s  a d d e d  t o  t h e  B l an k .  
S h a k e  g e n t l y  t o  n i x .  
6 1  
7 .  0 . 1  �1  o f  t h e  s u p e r n a t e  f r om #3 p l u s  0 . 1  m l  o f  d e i on i z e d  
w a t e r  i s  a d d e d t o  t u b e s  l a b e l e d  T e s t  l a ,  l b ;  T e s t  2 a ,  2 b ;  
e t c .  
8 .  A l l  t u b e s  a r e  i n c u b a t e d  f o r  a p p r o x i � a t e l y  3 0  m i nu t e s  a t  
3 7  d e g r e e s  C e l s i u s . 
9 .  T h e  B l ank i s  t h e n  p l a c e d  i n t o  t h e  s p e c t r o p h o t o m e t e r  a n d  
t h e  a b s o rb a n c e  i s  s e t  t o  r e ad 0 a t  3 40 n m .  
1 0 . T h e  a b s o r b a n c e  o f  T e s t  l a ,  l b ;  T e s t  2 a ,  2 b ;  e t c .  i s  t h en 
r e a d a nd r e c o rd ed . 
1 1 .  The a b s o r b a n c e  r e � d i n g  i s  t o  b e  m u l t i p l i e d  b y  6 5 . 1  t o  
o b t a i n  t h e  l a c t a t e  c o n c e n t r a t i on in mg% . 
6 2  
APPENDIX I 
SUBJECT RAW DATA 
Ma l e s  
H R  VE vo2 RPE S u b j e c t  S t g  B E  w s  B E  w s  B E  w s  B E  w s  
1 I 1 3 5  1 2 7  2 7 . 9 5 3 0 . 7 7  2 1 . 6 2  2 3 . 5 1  9 8 
I I  1 4 9  1 46 4 2 . 3 5  40 . 8 9  3 2 . 0 9  3 2 . 50 1 0  1 0  
I I I  1 6  8 1 6 8  5 6 . 5 4 6 6 . 40 . 40 . 3 5 4 2 . 46 1 3  1 3  
I V  1 8 5 1 7  8 87 . 1 9  8 5 . 1 7  47 . 7 9 4 9 . 6 5  1 6  1 6  
v 1 93 1 8 9  1 26 . 46 1 1 7 . 2 5  5 3 . 44 5 4 . 0 8  2 0  2 0  
V I  1 9 1  1 3 5 . 7 4  5 5 . 0 4  2 0  
2 I 1 0 6  1 2 8  2 8 . 9 7 3 9 . 8 1  2 5 . 0 0  3 0 . 3  8 7 
I I  1 3 0  1 6 1  3 8 . 1 7  6 1 . 90 3 1 . 57 43 . 0 6  1 1  9 
I I I  1 5 3  1 7  8 5 4 . 1 5  80 . 3 0  40 . 5 7  5 2 . 1 5  1 4  1 2  
I V  1 6 5  1 8 8 6 9 .  9 7  1 1 5 . 1 0 5 1 . 5 7 6 0 . 0 2 1 6  1 8  
v 1 7 6  1 90 8 5 . 3 9  1 2 0 . 2 8  5 6 . 85 5 9 . 8 8 1 8  1 8  
V I  1 8 3  1 1 5 . 96 6 1 . 4 2  2 0  
3 I 1 1 9  1 1 0  3 1 . 0 1  2 8 . 6 8  2 4 . 2 1  2 3 . 6 3  7 8 
I I  1 4 9  1 4 5  43 . 4 2  43 . 0 9  3 2 . 5 8  3 1 . 3 6 1 0  1 1  
I I I  1 7 0  1 7  5 6 1 . 5 4 6 1 . 6 8  43 . 4 9  4 1 . 5 1  1 3  1 4  
I V  1 84 1 87 9 5 . 7 0  7 9 . 5 9 5 1  • 7 1  4 8 . 7 8  1 7  1 7  
v 1 9 2  1 9 7  1 1 4 . 6 6  9 9 . 90 5 4 . 8 5 5 4 . 2 4  2 0  2 0  
V I  1 9 5 2 0 0  1 1 8 . 82 1 1 8 . 5 8  5 6 . 3 5  5 5 . 7 5  2 0  2 0  
4 I 1 0 9  1 0 6  2 9 . 2 9  3 0 . 6 0  2 2 . 3 4 2 2 . 9 3 8 7 
I I  1 2 8  1 3 1  41 . 2 5  44 . 5 3 3 2 . 96 2 9 . 2 3 9 8 
I I I  1 49 1 5 5  5 7 . 3 6  6 6 . 2 0 3 9 . 5 2  3 8 .  7 4 1 1  1 0  
IV 1 7 1  1 6 8  7 9 .  9 6  87 . 40 4 9 . 44 46 . 8 5  1 2  1 3  
v 1 8 3  1 80 1 0 6 . 3 0  1 1 4 . 1 3  5 6  . 1 4  5 4 . 2 6  1 4  1 5  
V I  2 0 4  1 92 1 3 1 . 1 6 1 3 4 . 41 5 9 . 6 3 5 8 . 3 2  1 8  2 0  
5 I 1 2 5  1 3 7  3 3 . 6 7  43 . 4 0  2 4 . 3 7 2 8 . 7 5  8 8 
I I  1 4 2 1 5 6 46 . 96 6 2 . 6 4  2 8  . 1 4  3 7 . 7 8  9 1 1  
I I I  1 6 6  1 7  5 6 4 . 0 3  9 8 . 30 3 5 . 1 7  46 . 9 4  1 2  1 5  
IV 1 7 6  1 86 8 9 . 7 9  1 3 3 . 6 7  44 . 0 9  5 3 . 6 8 1 6  2 0  
v 1 89 1 1 2 . 3 3  5 2 . 0 1  1 9  
V I  1 90 1 3 6 . 9 8 5 5 . 0 2  2 0  
Sub j e c t  S t g  B E  
6 I 1 2 1  
I I  1 4 5  
I I I  1 6  5 
I V  1 7  5 
v 1 8 3 
7 I 1 2 5  
I I  1 5 7 
I I I  1 7  5 
I V  1 82 
8 I 1 2 4  
I I  1 5 5  
I I I  1 6  9 
I V  17 8 
9 I 1 4 5  
I I  1 7 6  
I I I  1 9 3  
I V  2 0 2  
APPENDIX I cont inued 
Fema l e s  
HR V E w s  B E  w s  
1 3  8 2 9 . 1 7  3 4 . 1 6  
1 6 4  4 3 . 1 5  47 . 2 4  
1 7  4 6 2 . 5 0 6 6 . 5 9  
1 8 1 9 2 . 1 1  90 . 8 2  
1 03 . 82 
1 4 8  2 4 . 5 2  3 4 . 9 9  
1 6 1  4 1 . 0 3  5 4 . 3 1  
1 7  8 6 2 . 2 9  7 8 . 9 1 
1 7  9 87 . 06 9 2 . 4 0  
1 2 0  2 5 . 7 5  3 4 . 4 5  
1 6 0  4 3 . 4 5  5 7  . 6  5 
1 7  5 5 9 . 2 2  9 2 . 0 2  
9 2 . 8 1  
1 7 3  2 8 . 8 3  4 4 . 1 6  
1 9 4  4 2 . 1 8  6 3 . 2 8  
2 1 0  6 6 . 5 4  9 6 . 9 5  
9 5 . 5 8  
vo2 B E  . 
2 6 . 4 2  
3 8 . 2 9  
4 3 . 9 8 
5 3 . 0 0  
5 5 . 6 9  
2 8 . 4 1  
3 8 . 1 8  
46 . 1 8  
5 2 . 0 4  
3 1 . 6 8 
4 2 . 50 
5 2 . 3 7  
5 9 . 7 7  
3 1 .  3 2 
40 . 6 6  
5 0 . 7 7  
5 6 . 2 2  
w s  
3 3 . 7 6  
3 9 . 3 5  
4 7 . 9 9  
5 3 . 1 2  
3 4 . 4 3  
4 5 . 4 8  
5 2 . 1 1  
5 6 . 1 6  
3 3 . 3 9  
· 4 9 . 3 3 
5 7 . 8 7 
3 9 . 3 3  
5 1 . 0 2  
5 5 . 9 6  
6 3  
RPE 
B E  w s  
9 1 2  
1 2  1 5  
1 5  1 7  
1 9  2 0  
2 0  
8 8 
1 0  1 2  
1 5  20 
20 2 0  
9 8 
1 2  1 0  
1 5  2 0  
2 0  
1 2  1 1  
1 6  1 7  
1 9  2 0  
2 0  
APPENDIX J 
MANUAL DATA C O L L E C T I ON S H E E T S  
TEST: 6 4  
NAME -------------- DATE --------- TIME -----
AGE ---- HT ----- WT .... ____ %BF ----- L . A .  mg% -----
ST E AG · min. HEART RATE . PRE VO I? METS 
I 1 
2 
3 
II 4 
5 
6 
III 7 
8 
9 
IV 1 0  
i 1 1  
j 1 2  
: v 1 3  
1 4  
1 5  
VI 1 6  
1 7  
1 8  
VII : 9  
20 
21 
. 
VIII 22 
23 
24 I 
A P P EN D I X  J c o n t i nu e d  
TEST: 
6 5  
ROOM TEMP: ------ BAR PRSR: ------
NAME ------------ DATE --------- TIME. ____ _ 
STAGE mi.n. 
I 1 
2 
3 
II 4 
5 
6 
III 7 
8 
9 
IV 1 0  
1 1  
1 2  
v 1 3  
1 4  
1 5  
VI 1 6  
1 7  
1 8  
VII 1 9  
20 
21 
VIII 22 
23 
24 
APP E N D I X  J c on t i n u e d  
TEST: 
6 6  
�ME --------------- DATE --------- TIME -----
GAS TEMP: ----
STAGE min. 
VIII 24 
23 
22 
VII 21 
20 
1 9  
VI 1 8  
1 7  
1 6  
v 1 5  
1 4  
1 3  
IV 1 2  
1 1  
1 0  
III 9 
8 
7 
II 6 
5 
4 
I 3 
2 
1 
1 • A s t r a n d , P . O .  
E rgo me t e r . 
R E F E R E N C E S  
W o r k  Te s t s  w i t h  t h e  B i cyc l e  
M o n a r k - C r e s e n t  AB > V a r b e r g , Swed e n . 
2 .  A s t r a n d , P . O . > H a l l b a c k , I . ,  H e d m a n ,  R . ,  a nd S a l t i n , B .  
3 • 
B l o o d  l a c t a t e s  a f t e r  s e v e r e  p r o l o n g e d  e x e r c i s e .  
J o u r n a l  o f  Appl i e d P hys i o l ogy ,  � : 6 1 9 - 2 2 , 1 9 6 3 . 
A s t r a n d , P . O .  s n d  R o d a h l , K .  
P hys i o l ogy .  Mc G r aw- R i l l , 
T e x t b o o k  o f  W o r k  
I nc . ,  NY , 1 9 7 7 .  
4 .  A s t r a n d , P . O .  a n d  S a l t i n ,  B .  Max imum o x y g e n  u p t a k e  a n d  
h e a r t  r a t e  i n  v a r i o u s  t y p e s  o f  mu s c u l a r  a c t i v i t y . 
J o u r n a l  o f  Appl i e d  Phys i o l ogy , 1.2.. : 97 7 - 8 1 , 1 9 6 1  
5 .  B a n i s t e r , E . W . , J a c k s o n , R . C .  E f f e c t  o f  s p e e d a n d  l o a d  
c h a n g e s  on o x y g e n  i n t ak e  f o r  e q u i v a l e n t  p o w e r  o u t p u t s  
d u r i n g  b i c y c l e  e r g o m e t r y . I n t e r n a t i o n a l e  Z e i t s c h r i f t  
F u r  A ngew a n d t e  P hys i o l ogi e ,  2 4 : 2 8 4 - 90 , 1 9 6 7 . 
6 .  B e rgh , U . , K a u s t a p , I - L . a n d  E k b l o m ,  B .  M a x i mum o x y g e n  
c o n s ump t i o n  d u r i n g e x e r c i s e w i t h v a r i o u s  c o mb i n a t i o n s  
o f  a r m a n d  J e g w o r k . J o u r n a l  o f  Appl i e d  Phys i o l ogy ,  
!t.!. : 1 9 1 - 9 6 , 1 9 7 6 .  
7 .  B e v e g a r d , S . ,  B o J mg r e n , A .  B n d  J o h n s s o n ,  R ,  T h e  e f f e c t  
o f  b o d y  p o s i t i o n  on t h e  c i r c u l a t i o n a t  r e s t  a n d  d u r i n g  
e x e r c i s e ,  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  i n f l u e n c e s  o n  
t h e  s t r o k e  v o l u m e . A c t a  P hys i o l ogi c a  S c a n d i n a v i a , 
!,2. : 2 7 9 - 9 8 , 1 9 6 0 . 
8 .  B o n i n g , D . ,  Go n e n ,  Y .  a n d  Ma s s e n ,  N .  R e l a t i o n s h i p  
b e t w e e n  w o rk l o a d , p e d a l f r e q u e n c y  a n d  p h y s i c a l  
f i t n e s s .  I n t e r n a t i o n a l  J o u r n a l  o f  Spo r t s  M e d i c i n e ,  
1 : 9 2 - 9 7 , 1 9 84 . 
9 .  B u c h f u h r e r , M . J . ,  H a n s en , J . E . ,  R o b i n s o n , T . E . ,  S u e , 
D . Y . ,  W a s s e rm a n ,  K .  a n d  Wh i p p ,  B . B .  O p t i m i z ing t h e  
ex e r c i s e  p r o t o c o l  f o r  c a r d i o p u l m o n a r y  a s s e s s me n t . 
J o u r n a l  o f  Appl i e d  P hys i o l ogy ,  2.2_( 5 ) : 1 5 5 8 - 6 4 , 1 9 83 . 
J O .  C r a i g , A . B .  J r .  E f f e c t s  o f  p o s i t i o n on e x p i r a t o r y  
r e s e r v e  v o l u m e  o f  t h e  l u n g s .  J o u r n a l  o f  Appl i e d  
P hys i o l ogy ,  1 5 : 5 9 - 6 1 , 1 9 6 0 . 
6 7  
6 8  
1 1 .  D a v i e s , C . T . M .  L im i t a t i on s  t o  t h e  p r e d i c t i o n  o f  max imum 
oxygen i n t a k e  f r o m  c a r d i a c  f r e q u e n c y . J o u r n a l  o f  
Appl i e d  P hys i o l ogy ,  11.. : 4 7 - 50 , 1 9 6 8 . 
1 2 .  D i a z ,  F . J . ,  B a g a n , B . D . ,  W r i g h t , J . E .  and H o r v a t h , S . M .  
Max i m a l  a n d  s ubmax i m a l  e x e rc i s e  in d i f f e r e n t  
po s i t i on s . M e d i c i ne and S c i e n c e  i n  Spo r t s  and 
Exe r c i s e ,  .!...Q..( 3 ) : 2 1 4 - 1 7 , 1 97 8 .  
1 3 .  F a r i a ,  I . ,  D i x , C .  and F r a z e r , C .  E f f e c t  o f  b o d y  
p o s i t i o n  d u r i n g  c y c l i n g  on h e a r t  r a t e ,  p u l m o n a r y  
v e n t i l a t i o n ,  o x y g e n  u p t a k e  a n d  work o u t pu t . J o u r n a l  
o f  Spo r t s  Med i c i n e a n d  P hys i c a l  F i t n e s s ,  � : 4 9 - 5 6 , 
1 9 7 8 . 
1 4 .  F a r i a , I . ,  S j o j a a r d , G .  and B o n d e - P e t e r s o n , F .  Oxygen 
c o s t  d u r i n g  d i f f e r e n t  p e d a l i n g  s p e ed s for c o n s t a n t  
power o u t pu t . J o u r n a l  o f  Spo r t s  Med i c i n e  and P hys i c a l  
F i t ne s s ,  1.1( 3 ) : 2 9 5 - 9 9 , 1 9 82 . 
l 5 • F a u l k n e r , J . A . ,  B o b er t s ,  D . E . ,  
C a r d i o v a s c u l a r  r e s p o n s e s  t o  
e f f o r t  c y c l i ng a n d  runn i n g . 
P hys i o l ogy , 2Q_ : 4 5 7 - 6 1 ,  1 9 7 1 .  
Eak , R . L .  a n d  C onw a y ,  J .  
s u b ma x i m a l  a n d  m a x i m a ]  
J o u r n a l  o f  Appl i e d  
1 6 .  F i r t h , M . S .  A s p o r t  s p e c i f i c  t r a i n i n g  a n d  t e s t i ng d e v i c e  
f o r  ra c i n g cy c l i s t s .  E rgonom i c s , 2 4 : 5 6 5 -7 1 , 1 9 8 1 . 
1 7 .  H a g b e r g , J . M . , G i e s e ,  M . D . � n d  M u l l i n ,  J . P .  E f f e c t  o f  
<l j f f e r e n t  g e a r  r a t i o s  on t h e  m e t ab o l i c  r e s p o n s e s  o f  
c o mp e t i t v e  c y c l i s t s  t o  c on s t a n t  l o a d  s t e a d y  s t a t e  
work . Med i c i n e  a n d  S c i en c e  i n  Spo r t s  and 
E x e r c i s e , ( Ab s t r a c t ) , 1 : 7 4 ,  1 9 7 5 .  
1 8 .  Hagb e r g , J . M . ,  G i e s e , M . D .  a n d  S c h n e i d e r ,  R . B .  
Cowp a r i s o n o f  t h r e e  p r o c e d u r e s  f o r  me a s u r i ng V02m a x  i n  c om p e t i t i v e  c y c l i s t s .  E u r ope a n  J o u r n a l  o f  Appl i ed 
P hys i o l ogy ,  ,12. : 4 7 - 5 2 , 1 9 7 8 .  
1 9 .  H a g b e r g , J . M . , M u l l i n ,  J . P . ,  G i e s e , M . D .  a n d  S p i t znag l e ,  
E . F. f f e c t  o f  p e d a l i ng r a t e  on s ubmax ima l e x e r c i s e  
r e s p o n s e s  o f  c 0mpe t i t i v e  c y c l i s t s .  J o u r n a l  o f  Appl i e d  
P hys i o l ogy ,  11 : 44 7 - 5 1 , 1 9 8 1 . 
2 0 .  H e r ma n s en ,  L . ,  Eckb l o m , B .  and S a l t i n ,  B .  Card i a c  o u t p u t  
d u r i n g  submax i m a l  and max ima l t r e a d m i l l a n d  b i c y c l e  
e x e r c i s e .  J o u r n a l  o f  Appl i e d  P hys i o l ogy ,  l.2. : 8 2 - 86 , 
1 9 7 0 .  
6 9  
2 1 .  H e rm a n s e n , L .  and S a l t i n ,  B .  O x y g e n  u p t a k e  d u r i ng 
max ima l t r e a dm i l l  and b i c y c l e  e x e r c i s e . J o u r n a l  o f  
Appl i ed P hys i o l ogy ,  1§. : 3 1 -3 7 , 1 9 6 9 .  
2 2 .  H o l m g r e n , A . , J o h n s s o n , B .  a n d  S j o s t r a n d , T .  C i r c u l a t o r y  
d a t a i n  n o r m a l  sub j e c t s  a t  r e s t  and d u r ing e x e r c i s e  i n  
r e c u m b e n t  p o s i t i o n ,  w i t h s p e c i a l  r e f e r e n c e  t o  t h e  
s t r o k e  v o l um e  a t  d i f f e r e n t  w o r k  i n t e n s i t i e s . A c t a  
P hys i o l ogi e s  S c a n d i na v i a ,  !_1 : 3 4 3 - 6 3 ,  1 9 6 0 . 
23 . H o l mg r e n ,  A . ,  Mo s s f e l d t , F . ,  S j o s t r a nd , T .  and S t r o m ,  G .  
Ef f e c t  o f  t r a in ing o n  w o rk c a pa c i t y , t o t a l  hemog l o b i n ,  
b l o o d  v o l ume , h e a r t  and pu l s e  r a t e  i n  r e c um b e n t  a n d  
u p r i g h t  p o s i t i on s .  A c t a  P hys i o l ogi e s  S c a nd i n av i a , 5 0 : 
7 2 - 8 3 , 1 9 6 0 . 
2 4 .  J e s s u p , G . T . , R i gg s ,  C . E . ,  Lamb e r t ,  J .  a n d  M i l l e r , W . D .  
The e f f e c t  o f  p e d a l ing s p e e d  on t h e  v a l i d i t y  o f  t h e  
A s t r a n d - R h y m i n g  t e s t .  J o u r n a l  o f  Spo r t s  M e d c i n e  a n d  
P hys i c a l  F i t n e s s ,  11. ( 4 ) : 3 6 7 - 7 1 ,  1 9 7 7 .  
2 5 .  K a t c h , V . L .  and K a t c h ,  F . I .  The r e l a t i on s h ip b e t w e e n  
a e r o b i c  p o w e r  a n d  me a s u r e d  w o r k  o u t p u t  on a p r o g r e s ­
s i v e  s t e p  i n c r em e n t  b i c y c l e  e r g ome t e r  t e s t . Med i c i n e  
and S c i e n c e  i n  Spo r t s  a n d  E x e r c i s e ,  2 : 2 3 - 2 8 , 1 9 7 3 .  
1 6 .  K a t c h ,  V . L . ,  S ad y ,  S . S .  and F r e e d s o n , P .  B i o l o g i c a l  
v a r i ab i l i t y i n  m a x i mum a e r o b i c  pow e r .  Med i c i n e  and 
S c i e n c e  in Spo r t s  and E x e r c i s e ,  .!.! ( 1 ) : 2 1 - 2 5 , 1 9 8 2 . 
2 7 . L o l l g e n , H . ,  G r a h a m ,  T .  a n d  S j o g a r r d , G .  M u s c l e  m e t a ­
b o l i t e s ,  f o r c e ,  and p e r c i e v e d  e x e r t i o n  b i c y c l i ng a t  
v a r y i ng p ed a l  r a t e s . Med i c i n e  and S c i en c e  i n  Spo r t s  
a n d  E x e r c i s e ,  .!1_ : 3 4 5 - 5 1 , 1 9 8 0 . 
2 8 .  Mc C a r t n e y , N . , H e i g enh a u s e r , G . J . F .  and J o n e s ,  N . L .  Pow e r  o u t p u t  and f a t i gu e  o f  human m u s c l e  i n  m a x i m a l  
c y c l i n g  e x e r c i s e . J ou rn a l  o f  Appl i e d  P hys i o l ogy , 
.2.2 : 2 1 8- 2 4 ,  1 9 8 3 . 
2 9 .  McR a y ,  B . A .  a n d  B an i s t e r , E . W .  A c om p a r i s o n  o f  m a x imum oxygen u p t a k e  d e t e r m i n a t i o n s  b y  b i c y c l e  e r g om e t e r  a t  
va r i ous p ed a l i n g  f r e q u e n c i e s  and by t r e a d m i l l runn i n g  
a t v a r i o u s s p e e d s • _Eu ..... r._o�p....;e;..;a:o..n ___ J __ o_u..;.....;:r_n __ a..__l_.....o ... f--._A_,p_p._.-1 .... i...,e._d_ 
P hys i o l ogy ,  .12 : 1 9 1 - 9 9 , 1 9 7 6 . 
3 0 .  M e y e r , K . F .  a nd F a y r a n , D . F .  How f i t a r e  y o u ?  
B i cyl i ng ,  M a r c h ,  34- 3 8 ,  1 9 8 2 . 
3 1 . M i t c h e l l ,  J . F . , S p r o u l e , B . J .  a n d  Chapman , C . B .  T h e  
p hy s i o l og i c a l  m e a n i ng o f  m a x i m a l  oxygen i n t ak e  t e s t .  
J o u r n a l  o f  C l i n i c a l  I n v e s t iga t i on ,  11. : 5 3 8-47 , 1 9 5 8 .  
3 2 . M i y a s h i t a , M .  a n d  K a n oh i s a ,  R .  C o r r e l a t i on b e t w e e n  
e f f i c i e n c y  i n  c y c l ing and m a x i m a l  pow e r  o f  human 
e x e n t e n s o r  mu s c l e s .  J o u r n a l  of  Spo r t s  Med i c i n e  and 
P hys i c a l  F i t n e s s ,  1.Q. : 3 6 7 - 7 0 , 1 9 80 . 
70  
3 3 .  N i em l a ,  K . ,  P a l a t s i ,  I . ,  L i nna l u o t o , M .  a n d  Takkunen , J .  
C r i t e r i a  f o r  max imum oxygen u p t ak e  i n  p r o g r e s s iv e  
b i c y c l e  t e s t s .  E u r ope a n  J o u r n a l  o f  Appl i e d  
P hys i o l ogy ,  44 : 5 1 - 5 9 ,  1 9 8 0 . 
3 4 .  P a n d o l f ,  K . B .  and N ob l e , B .j . T h e  e f f e c t  o f  p e d a l i ng 
s p eed a n d  r e s i s t a n c e  c h a n g e s  on p e r c e ived e x e r t i o n  f o r  
e q u i v a l e n t  power o u t pu t s  o n  t h e  b i c y c l e  e r g o me t e r .  
M ed i c i n e  a n d  S c j e n c e  i n  Spo r t s  and E x e r c i s e , 1 : 1 3 2 -36 , 
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